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Spacetime wormholes 
and baby universes



AdS gravity with wormholes
Gravitational EFT, fields ,  action�

<latexit sha1_base64="+AZwEx4h0iZeQzonc8MtAGC6ra0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGrQiNqzW3Lo7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhM8pn1LJRZU+9n81hk6s8oIhbGyJQ2aq78nMiy0norAdgpsIr3s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IRFhhYmw8FRuCt/zyKulc1L3L+tVDo9a8LeIowwmcwjl4cA1NuIcWtIFABM/wCm+OcF6cd+dj0Vpyiplj+APn8wfk/Y4m</latexit>
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A set of aAdS boundary conditions: � ⇠ J
<latexit sha1_base64="cmsA7h/mKaPUX+lsA2HT/zcz4gQ=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRlxVsA9IQplMJ+3QyUyYuRFK6Ge4caGIW7/GnX/jtM1CWw9cOJxzL/feE6WCG3Ddb6e0srq2vlHerGxt7+zuVfcP2kZlmrIWVULpbkQME1yyFnAQrJtqRpJIsE40up36nSemDVfyEcYpCxMykDzmlICV/KA55DgwPMH3vWrNrbsz4GXiFaSGCjR71a+gr2iWMAlUEGN8z00hzIkGTgWbVILMsJTQERkw31JJEmbCfHbyBJ9YpY9jpW1JwDP190ROEmPGSWQ7EwJDs+hNxf88P4P4Osy5TDNgks4XxZnAoPD0f9znmlEQY0sI1dzeiumQaELBplSxIXiLLy+T9lndO69fPlzUGjdFHGV0hI7RKfLQFWqgO9RELUSRQs/oFb054Lw4787HvLXkFDOH6A+czx9IDJCb</latexit>

connected boundary metric
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<latexit sha1_base64="RRRAJg9ZC9JjYImBNqX896rUB7g="></latexit>

Notation for path integral:

Z[J2]
<latexit sha1_base64="nsapRQ5C9R3rjieJXlloQVOUQ7E=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtih6LXsRTBfuB26Vk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aPXBwOO9GWbmhQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7LS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wdDX1249UaSbFnRknNIjxQLCIEWys1Lr3b3q1oFeuuFV3BvSXeDmpQI5Gr/zZ7UuSxlQYwrHWvucmJsiwMoxwOil1U00TTEZ4QH1LBY6pDrLZtRN0ZJU+iqSyJQyaqT8nMhxrPY5D2xljM9SL3lT8z/NTE10EGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZf/ktatap3Uj27Pa3UL/M4inAAh3AMHpxDHa6hAU0g8ABP8AKvjnSenTfnfd5acPKZffgF5+Mb24KOqg==</latexit>

Z[J1]
<latexit sha1_base64="ojVRZhc2VbRJlri+boqE3YAX13I=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL+IpgnngZgmzk9lkzOzMMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFSacaeO6305haXllda24XtrY3NreKe/uNbVMFaENIrlU7RBrypmgDcMMp+1EURyHnLbC4fXEbz1RpZkU92aU0CDGfcEiRrCxUvPBv+16QbdccavuFGiReDmpQI56t/zV6UmSxlQYwrHWvucmJsiwMoxwOi51Uk0TTIa4T31LBY6pDrLptWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z/NTE10GGRNJaqggs0VRypGRaPI66jFFieEjSzBRzN6KyAArTIwNqGRD8OZfXiTNk6p3Wj2/O6vUrvI4inAAh3AMHlxADW6gDg0g8AjP8ApvjnRenHfnY9ZacPKZffgD5/MH2f2OqQ==</latexit>

Z[J3]
<latexit sha1_base64="irTwzJEK9ko7QSNumR03drP0+c8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9m1ih6LXsRTBfuB26Vk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aPXBwOO9GWbmhQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7LS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wdDX1249UaSbFnRknNIjxQLCIEWys1Lr3b3q1oFeuuFV3BvSXeDmpQI5Gr/zZ7UuSxlQYwrHWvucmJsiwMoxwOil1U00TTEZ4QH1LBY6pDrLZtRN0ZJU+iqSyJQyaqT8nMhxrPY5D2xljM9SL3lT8z/NTE10EGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZf/ktaJ1WvVj27Pa3UL/M4inAAh3AMHpxDHa6hAU0g8ABP8AKvjnSenTfnfd5acPKZffgF5+Mb3QeOqw==</latexit>

� ◆ g
<latexit sha1_base64="qX5AvJ7sfc34bO5LCtk5bNoIXbY=">AAAB+XicbVDJSgNBEO1xjXEb9eilMQiewowLegx68RjBLJAZQk+nJmnSs9hdEwhD/sSLB0W8+ife/Bs7yRw08UHB470qquoFqRQaHefbWlldW9/YLG2Vt3d29/btg8OmTjLFocETmah2wDRIEUMDBUpopwpYFEhoBcO7qd8agdIiiR9xnIIfsX4sQsEZGqlr2159IKins1QDwhPtd+2KU3VmoMvELUiFFKh37S+vl/Asghi5ZFp3XCdFP2cKBZcwKXuZhpTxIetDx9CYRaD9fHb5hJ4apUfDRJmKkc7U3xM5i7QeR4HpjBgO9KI3Ff/zOhmGN34u4jRDiPl8UZhJigmdxkB7QgFHOTaEcSXMrZQPmGIcTVhlE4K7+PIyaZ5X3Yvq1cNlpXZbxFEix+SEnBGXXJMauSd10iCcjMgzeSVvVm69WO/Wx7x1xSpmjsgfWJ8/EJqTTA==</latexit>

J ◆ g@
<latexit sha1_base64="6lt9ckFtV1+MYmQUJZdgzrBP+GQ=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJXEB7osuhFXFewDmhAm05t26OThzEQosQt/xY0LRdz6G+78GydtFtp64MLhnHtn7j1+wplUlvVtlBYWl5ZXyquVtfWNzS1ze6cl41RQaNKYx6LjEwmcRdBUTHHoJAJI6HNo+8Or3G8/gJAsju7UKAE3JP2IBYwSpSXP3LvBjkwTCQrucd9zEiIUI9wzq1bNmgDPE7sgVVSg4ZlfTi+maQiRopxI2bWtRLlZ/hrlMK44qYSE0CHpQ1fTiIQg3Wyy/xgfaqWHg1joihSeqL8nMhJKOQp93RkSNZCzXi7+53VTFVy4GYuSVEFEpx8FKccqxnkYuMcEUMVHmhAqmN4V0wERhCodWUWHYM+ePE9axzX7pHZ2e1qtXxZxlNE+OkBHyEbnqI6uUQM1EUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz/R5ZX9</latexit>,



A dual CFT ensemble?

Dual interpretation:

Example: JT gravity [SaadShenkerStanford]

3D pure gravity? [HM,Turiaci, in progress]

•        is a CFT partition function

•       is an average over theories

Z[J ]
<latexit sha1_base64="6mgOI3ZuNhknIwAbne/WA5WQrz4=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXRjbiqYB+YhjKZTtqhM5MwMxFK6C+4caGIW3/InX/jpM1CqwcuHM65l3vvCRPOtHHdL6e0tLyyulZer2xsbm3vVHf32jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2E4+vc7zxSpVks780koYHAQ8kiRrDJpQf/NuhXa27dnQH9JV5BalCg2a9+9gYxSQWVhnCste+5iQkyrAwjnE4rvVTTBJMxHlLfUokF1UE2u3WKjqwyQFGsbEmDZurPiQwLrScitJ0Cm5Fe9HLxP89PTXQZZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwVt8+S9pn9S90/r53VmtcVXEUYYDOIRj8OACGnADTWgBgRE8wQu8OsJ5dt6c93lrySlm9uEXnI9vsuuOBQ==</latexit> ⌦
·
↵

<latexit sha1_base64="0MCvz4kDEdUmzL7e0XkqMkhVYRE=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuCqJF3RZdOOygr1AE8pkMkmHTmbCzEQooTs3voobF4q49RXc+TZO0yy09YeBn++cw5nzBymjSjvOt1VZWl5ZXauu1zY2t7Z37N29jhKZxKSNBROyFyBFGOWkralmpJdKgpKAkW4wupnWuw9EKir4vR6nxE9QzGlEMdIGDexDL6CxxxCPGYEeDoWGsECyQAO77jScQnDRuKWpg1Ktgf3lhQJnCeEaM6RU33VS7edIaooZmdS8TJEU4RGKSd9YjhKi/Ly4YwKPDQlhJKR5XMOC/p7IUaLUOAlMZ4L0UM3XpvC/Wj/T0ZWfU55mmnA8WxRlDGoBp6HAkEqCNRsbg7Ck5q8QD5FEWJvoaiYEd/7kRdM5bbhnjYu783rzuoyjCg7AETgBLrgETXALWqANMHgEz+AVvFlP1ov1bn3MWitWObMP/sj6/AFlJpkE</latexit>

Bulk description of a single dual?
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<latexit sha1_base64="RRRAJg9ZC9JjYImBNqX896rUB7g="></latexit>

Z[J2]
<latexit sha1_base64="nsapRQ5C9R3rjieJXlloQVOUQ7E=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtih6LXsRTBfuB26Vk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aPXBwOO9GWbmhQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7LS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wdDX1249UaSbFnRknNIjxQLCIEWys1Lr3b3q1oFeuuFV3BvSXeDmpQI5Gr/zZ7UuSxlQYwrHWvucmJsiwMoxwOil1U00TTEZ4QH1LBY6pDrLZtRN0ZJU+iqSyJQyaqT8nMhxrPY5D2xljM9SL3lT8z/NTE10EGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZf/ktatap3Uj27Pa3UL/M4inAAh3AMHpxDHa6hAU0g8ABP8AKvjnSenTfnfd5acPKZffgF5+Mb24KOqg==</latexit>

Z[J1]
<latexit sha1_base64="ojVRZhc2VbRJlri+boqE3YAX13I=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL+IpgnngZgmzk9lkzOzMMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFSacaeO6305haXllda24XtrY3NreKe/uNbVMFaENIrlU7RBrypmgDcMMp+1EURyHnLbC4fXEbz1RpZkU92aU0CDGfcEiRrCxUvPBv+16QbdccavuFGiReDmpQI56t/zV6UmSxlQYwrHWvucmJsiwMoxwOi51Uk0TTIa4T31LBY6pDrLptWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z/NTE10GGRNJaqggs0VRypGRaPI66jFFieEjSzBRzN6KyAArTIwNqGRD8OZfXiTNk6p3Wj2/O6vUrvI4inAAh3AMHlxADW6gDg0g8AjP8ApvjnRenHfnY9ZacPKZffgD5/MH2f2OqQ==</latexit>
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<latexit sha1_base64="irTwzJEK9ko7QSNumR03drP0+c8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9m1ih6LXsRTBfuB26Vk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aPXBwOO9GWbmhQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7LS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wdDX1249UaSbFnRknNIjxQLCIEWys1Lr3b3q1oFeuuFV3BvSXeDmpQI5Gr/zZ7UuSxlQYwrHWvucmJsiwMoxwOil1U00TTEZ4QH1LBY6pDrLZtRN0ZJU+iqSyJQyaqT8nMhxrPY5D2xljM9SL3lT8z/NTE10EGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZf/ktaJ1WvVj27Pa3UL/M4inAAh3AMHpxDHa6hAU0g8ABP8AKvjnSenTfnfd5acPKZffgF5+Mb3QeOqw==</latexit>



Hilbert space interpretation

Sum over intermediate states of closed “baby" universes

Challenge: diff invariance, interacting WdW equation



Hilbert space interpretation

Sum over intermediate states of closed “baby" universes

Challenge: diff invariance, interacting WdW equation

Solution: use asymptotic boundaries to define states
���Z[J1] · · ·Z[Jm]

E
2 H"l

<latexit sha1_base64="dMIS+/HabFfyfEoRJ42QR6xr190="></latexit>

“Past” boundary conditions



Hilbert space interpretation

���Z[J1] · · ·Z[Jm]
E
2 H"l

<latexit sha1_base64="dMIS+/HabFfyfEoRJ42QR6xr190="></latexit>

Inner product: 
D
Z[J̃1] · · ·Z[J̃n]
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E

<latexit sha1_base64="XF/5mTSS7k+ESTmx/HKt4Qejd3Y="></latexit>

( * = CPT )

Dual interpretation: inner product = covariance matrix

Assumption: reflection positivity. This IP is positive semidefinite



Hilbert space interpretation

D
Z[J̃1] · · ·Z[J̃n]

���Z[J1] · · ·Z[Jm]
E
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1 ] · · ·Z[J̃⇤
n]Z[J1] · · ·Z[Jm]
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<latexit sha1_base64="XF/5mTSS7k+ESTmx/HKt4Qejd3Y="></latexit>

Use this to define the Hilbert space           :H"l
<latexit sha1_base64="0qCEx6G5VyzOsHf4NGJRKxcNwHk=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5L4QJelbrqsYNpCE8JkOmmHTh7M3IglBPwVNy4Ucet3uPNvnLRZaOuBgcM593LPHD/hTIJpfmuVldW19Y3qZm1re2d3T98/6Mo4FYTaJOax6PtYUs4iagMDTvuJoDj0Oe35k9vC7z1QIVkc3cM0oW6IRxELGMGgJE8/ckIMY4J51s49B+gjZC079/S62TBnMJaJVZI6KtHx9C9nGJM0pBEQjqUcWGYCboYFMMJpXnNSSRNMJnhEB4pGOKTSzWbxc+NUKUMjiIV6ERgz9fdGhkMpp6GvJouwctErxP+8QQrBjZuxKEmBRmR+KEi5AbFRdGEMmaAE+FQRTARTWQ0yxgITUI3VVAnW4peXSfe8YV00ru4u681WWUcVHaMTdIYsdI2aqI06yEYEZegZvaI37Ul70d61j/loRSt3DtEfaJ8/zbGWCQ==</latexit>

H"l =
<latexit sha1_base64="TYCl2wo7xd2HHzKskgri5GX69ss=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJXEB7oRSt10WcE+oC1hMp22QyeTMHMjllA3/oobF4q49S/c+TdO2iy09cCFwzn3cu89fiS4Bsf5tnJLyyura/n1wsbm1vaOvbvX0GGsKKvTUISq5RPNBJesDhwEa0WKkcAXrOmPblK/ec+U5qG8g3HEugEZSN7nlICRPPugExAYUiKS6sTrAHuApFKf4Gvs2UWn5EyBF4mbkSLKUPPsr04vpHHAJFBBtG67TgTdhCjgVLBJoRNrFhE6IgPWNlSSgOluMv1ggo+N0sP9UJmSgKfq74mEBFqPA990pvfqeS8V//PaMfSvugmXUQxM0tmifiwwhDiNA/e4YhTE2BBCFTe3YjokilAwoRVMCO78y4ukcVpyz0oXt+fFciWLI48O0RE6QS66RGVURTVURxQ9omf0it6sJ+vFerc+Zq05K5vZR39gff4AFNaWpA==</latexit>

AdS is useful: initial states “expand” in Euclidean time to aAdS boundary

completion of space spanned by states
���Z[J1] · · ·Z[Jm]

E

<latexit sha1_base64="jQR+NXsoMljJ8bmVNvnUlsDWmwk=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhIegrEqC2IqEn2IJKocx0mt2k5kO0hV6Aew8CssDCDEygew8Tc4bQcoHMnS8Tnnyr4nSBlV2ra/rNLC4tLySnm1sra+sblV3d7pqCSTmLRxwhLZC5AijArS1lQz0kslQTxgpBsMLwq/e0ekoom40aOU+BzFgkYUI22kfrXmNWl8f+te9R3fw2GiFSwu3C90TyIRM2JSdt2eAP4lzozUwAytfvXTCxOccSI0Zkgp17FT7edIaooZGVe8TJEU4SGKiWuoQJwoP58sM4YHRglhlEhzhIYT9edEjrhSIx6YJEd6oOa9QvzPczMdnfs5FWmmicDTh6KMQZ3AohkYUkmwZiNDEJbU/BXiAZIIa9NfxZTgzK/8l3SO6s5x/fT6pNZozuoogz2wDw6BA85AA1yCFmgDDB7AE3gBr9aj9Wy9We/TaMmazeyCX7A+vgHpEZrq</latexit>

C.f. Osterwalder-Schrader construction in QFT



Hilbert space interpretation

H"l =
<latexit sha1_base64="TYCl2wo7xd2HHzKskgri5GX69ss=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJXEB7oRSt10WcE+oC1hMp22QyeTMHMjllA3/oobF4q49S/c+TdO2iy09cCFwzn3cu89fiS4Bsf5tnJLyyura/n1wsbm1vaOvbvX0GGsKKvTUISq5RPNBJesDhwEa0WKkcAXrOmPblK/ec+U5qG8g3HEugEZSN7nlICRPPugExAYUiKS6sTrAHuApFKf4Gvs2UWn5EyBF4mbkSLKUPPsr04vpHHAJFBBtG67TgTdhCjgVLBJoRNrFhE6IgPWNlSSgOluMv1ggo+N0sP9UJmSgKfq74mEBFqPA990pvfqeS8V//PaMfSvugmXUQxM0tmifiwwhDiNA/e4YhTE2BBCFTe3YjokilAwoRVMCO78y4ukcVpyz0oXt+fFciWLI48O0RE6QS66RGVURTVURxQ9omf0it6sJ+vFerc+Zq05K5vZR39gff4AFNaWpA==</latexit>

completion of formal polynomials in
���Z[J1] · · ·Z[Jm]

E

<latexit sha1_base64="jQR+NXsoMljJ8bmVNvnUlsDWmwk=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhIegrEqC2IqEn2IJKocx0mt2k5kO0hV6Aew8CssDCDEygew8Tc4bQcoHMnS8Tnnyr4nSBlV2ra/rNLC4tLySnm1sra+sblV3d7pqCSTmLRxwhLZC5AijArS1lQz0kslQTxgpBsMLwq/e0ekoom40aOU+BzFgkYUI22kfrXmNWl8f+te9R3fw2GiFSwu3C90TyIRM2JSdt2eAP4lzozUwAytfvXTCxOccSI0Zkgp17FT7edIaooZGVe8TJEU4SGKiWuoQJwoP58sM4YHRglhlEhzhIYT9edEjrhSIx6YJEd6oOa9QvzPczMdnfs5FWmmicDTh6KMQZ3AohkYUkmwZiNDEJbU/BXiAZIIa9NfxZTgzK/8l3SO6s5x/fT6pNZozuoogz2wDw6BA85AA1yCFmgDDB7AE3gBr9aj9Wy9We/TaMmazeyCX7A+vgHpEZrq</latexit>

Projects out null states:
nonperturbative effect of gauging diffs



Hilbert space interpretation

Perturbative Hilbert space truncated by splitting/joining universes

|1_iLR =
X

i

e��Ei/2|EiiL |EiiR
<latexit sha1_base64="LytBcrMjlYtgIU0NNuMMd2KGpkc="></latexit>

Example:

H"l =
<latexit sha1_base64="TYCl2wo7xd2HHzKskgri5GX69ss=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJXEB7oRSt10WcE+oC1hMp22QyeTMHMjllA3/oobF4q49S/c+TdO2iy09cCFwzn3cu89fiS4Bsf5tnJLyyura/n1wsbm1vaOvbvX0GGsKKvTUISq5RPNBJesDhwEa0WKkcAXrOmPblK/ec+U5qG8g3HEugEZSN7nlICRPPugExAYUiKS6sTrAHuApFKf4Gvs2UWn5EyBF4mbkSLKUPPsr04vpHHAJFBBtG67TgTdhCjgVLBJoRNrFhE6IgPWNlSSgOluMv1ggo+N0sP9UJmSgKfq74mEBFqPA990pvfqeS8V//PaMfSvugmXUQxM0tmifiwwhDiNA/e4YhTE2BBCFTe3YjokilAwoRVMCO78y4ukcVpyz0oXt+fFciWLI48O0RE6QS66RGVURTVURxQ9omf0it6sJ+vFerc+Zq05K5vZR39gff4AFNaWpA==</latexit>

completion of formal polynomials in
���Z[J1] · · ·Z[Jm]

E

<latexit sha1_base64="jQR+NXsoMljJ8bmVNvnUlsDWmwk=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhIegrEqC2IqEn2IJKocx0mt2k5kO0hV6Aew8CssDCDEygew8Tc4bQcoHMnS8Tnnyr4nSBlV2ra/rNLC4tLySnm1sra+sblV3d7pqCSTmLRxwhLZC5AijArS1lQz0kslQTxgpBsMLwq/e0ekoom40aOU+BzFgkYUI22kfrXmNWl8f+te9R3fw2GiFSwu3C90TyIRM2JSdt2eAP4lzozUwAytfvXTCxOccSI0Zkgp17FT7edIaooZGVe8TJEU4SGKiWuoQJwoP58sM4YHRglhlEhzhIYT9edEjrhSIx6YJEd6oOa9QvzPczMdnfs5FWmmicDTh6KMQZ3AohkYUkmwZiNDEJbU/BXiAZIIa9NfxZTgzK/8l3SO6s5x/fT6pNZozuoogz2wDw6BA85AA1yCFmgDDB7AE3gBr9aj9Wy9We/TaMmazeyCX7A+vgHpEZrq</latexit>

Projects out null states:
nonperturbative effect of gauging diffs



Similar discussion of bulk observables: [Jafferis]

Hilbert space interpretation

H"l =
<latexit sha1_base64="TYCl2wo7xd2HHzKskgri5GX69ss=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJXEB7oRSt10WcE+oC1hMp22QyeTMHMjllA3/oobF4q49S/c+TdO2iy09cCFwzn3cu89fiS4Bsf5tnJLyyura/n1wsbm1vaOvbvX0GGsKKvTUISq5RPNBJesDhwEa0WKkcAXrOmPblK/ec+U5qG8g3HEugEZSN7nlICRPPugExAYUiKS6sTrAHuApFKf4Gvs2UWn5EyBF4mbkSLKUPPsr04vpHHAJFBBtG67TgTdhCjgVLBJoRNrFhE6IgPWNlSSgOluMv1ggo+N0sP9UJmSgKfq74mEBFqPA990pvfqeS8V//PaMfSvugmXUQxM0tmifiwwhDiNA/e4YhTE2BBCFTe3YjokilAwoRVMCO78y4ukcVpyz0oXt+fFciWLI48O0RE6QS66RGVURTVURxQ9omf0it6sJ+vFerc+Zq05K5vZR39gff4AFNaWpA==</latexit>

completion of formal polynomials in
���Z[J1] · · ·Z[Jm]

E

<latexit sha1_base64="jQR+NXsoMljJ8bmVNvnUlsDWmwk=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhIegrEqC2IqEn2IJKocx0mt2k5kO0hV6Aew8CssDCDEygew8Tc4bQcoHMnS8Tnnyr4nSBlV2ra/rNLC4tLySnm1sra+sblV3d7pqCSTmLRxwhLZC5AijArS1lQz0kslQTxgpBsMLwq/e0ekoom40aOU+BzFgkYUI22kfrXmNWl8f+te9R3fw2GiFSwu3C90TyIRM2JSdt2eAP4lzozUwAytfvXTCxOccSI0Zkgp17FT7edIaooZGVe8TJEU4SGKiWuoQJwoP58sM4YHRglhlEhzhIYT9edEjrhSIx6YJEd6oOa9QvzPczMdnfs5FWmmicDTh6KMQZ3AohkYUkmwZiNDEJbU/BXiAZIIa9NfxZTgzK/8l3SO6s5x/fT6pNZozuoogz2wDw6BA85AA1yCFmgDDB7AE3gBr9aj9Wy9We/TaMmazeyCX7A+vgHpEZrq</latexit>

Projects out null states:
nonperturbative effect of gauging diffs



CFT objects as operators

Z[J ]
<latexit sha1_base64="6mgOI3ZuNhknIwAbne/WA5WQrz4=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXRjbiqYB+YhjKZTtqhM5MwMxFK6C+4caGIW3/InX/jpM1CqwcuHM65l3vvCRPOtHHdL6e0tLyyulZer2xsbm3vVHf32jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2E4+vc7zxSpVks780koYHAQ8kiRrDJpQf/NuhXa27dnQH9JV5BalCg2a9+9gYxSQWVhnCste+5iQkyrAwjnE4rvVTTBJMxHlLfUokF1UE2u3WKjqwyQFGsbEmDZurPiQwLrScitJ0Cm5Fe9HLxP89PTXQZZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwVt8+S9pn9S90/r53VmtcVXEUYYDOIRj8OACGnADTWgBgRE8wQu8OsJ5dt6c93lrySlm9uEXnI9vsuuOBQ==</latexit>

| BMi
<latexit sha1_base64="pv7+bR3oG04PGmiFNiGiKOkV1u0=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EieCqJH+ix6MVjBfsBTSmb7aRdutmE3YlY2h78K148KOLVv+HNf+O2zUFbHww83pthZl6QCK7Rdb+t3NLyyupafr2wsbm1vWPv7tV0nCoGVRaLWDUCqkFwCVXkKKCRKKBRIKAe9G8mfv0BlOaxvMdBAq2IdiUPOaNopLZ9MPITzds+wiMOuRz7isqugLZddEvuFM4i8TJSJBkqbfvL78QsjUAiE1Trpucm2BpShZwJGBf8VENCWZ92oWmopBHo1nB6/9g5NkrHCWNlSqIzVX9PDGmk9SAKTGdEsafnvYn4n9dMMbxqmbeSFEGy2aIwFQ7GziQMp8MVMBQDQyhT3NzqsB5VlKGJrGBC8OZfXiS105J3Vrq4Oy+Wr7M48uSQHJET4pFLUia3pEKqhJEReSav5M16sl6sd+tj1pqzspl98gfW5w8nmZbW</latexit>

| Qmii
<latexit sha1_base64="/yx0gNOZHslRkochaBObnYGldw0=">AAACAHicbVC5TsNAEF1zhnAFKChoLCIkqsjmEJQRNJRBIocUW9Z6M0lWWa+t3TEiMm74FRoKEKLlM+j4GzZHAQlPGunpvRnNzAsTwTU6zre1sLi0vLJaWCuub2xubZd2dhs6ThWDOotFrFoh1SC4hDpyFNBKFNAoFNAMB9cjv3kPSvNY3uEwAT+iPcm7nFE0UlDaf/QSzQMP4QGzOMXcU1T2BASlslNxxrDniTslZTJFLSh9eZ2YpRFIZIJq3XadBP2MKuRMQF70Ug0JZQPag7ahkkag/Wz8QG4fGaVjd2NlSqI9Vn9PZDTSehiFpjOi2Nez3kj8z2un2L30My6TFEGyyaJuKmyM7VEadocrYCiGhlCmuLnVZn2qKEOTWdGE4M6+PE8aJxX3tHJ+e1auXk3jKJADckiOiUsuSJXckBqpE0Zy8kxeyZv1ZL1Y79bHpHXBms7skT+wPn8AGmqXYQ==</latexit>

Any aAdS boundary is an operator, 
defined by insertion in the path integral:

dZ[J ]
���Z[J1] · · ·Z[Jm]

E
=

���Z[J ]Z[J1] · · ·Z[Jm]
E

<latexit sha1_base64="JBJYHPOs7A+/tcLVpGOLrjhtx30="></latexit>



CFT objects as operators

Z[J ]
<latexit sha1_base64="6mgOI3ZuNhknIwAbne/WA5WQrz4=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXRjbiqYB+YhjKZTtqhM5MwMxFK6C+4caGIW3/InX/jpM1CqwcuHM65l3vvCRPOtHHdL6e0tLyyulZer2xsbm3vVHf32jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2E4+vc7zxSpVks780koYHAQ8kiRrDJpQf/NuhXa27dnQH9JV5BalCg2a9+9gYxSQWVhnCste+5iQkyrAwjnE4rvVTTBJMxHlLfUokF1UE2u3WKjqwyQFGsbEmDZurPiQwLrScitJ0Cm5Fe9HLxP89PTXQZZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwVt8+S9pn9S90/r53VmtcVXEUYYDOIRj8OACGnADTWgBgRE8wQu8OsJ5dt6c93lrySlm9uEXnI9vsuuOBQ==</latexit>

| BMi
<latexit sha1_base64="pv7+bR3oG04PGmiFNiGiKOkV1u0=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EieCqJH+ix6MVjBfsBTSmb7aRdutmE3YlY2h78K148KOLVv+HNf+O2zUFbHww83pthZl6QCK7Rdb+t3NLyyupafr2wsbm1vWPv7tV0nCoGVRaLWDUCqkFwCVXkKKCRKKBRIKAe9G8mfv0BlOaxvMdBAq2IdiUPOaNopLZ9MPITzds+wiMOuRz7isqugLZddEvuFM4i8TJSJBkqbfvL78QsjUAiE1Trpucm2BpShZwJGBf8VENCWZ92oWmopBHo1nB6/9g5NkrHCWNlSqIzVX9PDGmk9SAKTGdEsafnvYn4n9dMMbxqmbeSFEGy2aIwFQ7GziQMp8MVMBQDQyhT3NzqsB5VlKGJrGBC8OZfXiS105J3Vrq4Oy+Wr7M48uSQHJET4pFLUia3pEKqhJEReSav5M16sl6sd+tj1pqzspl98gfW5w8nmZbW</latexit>

| Qmii
<latexit sha1_base64="/yx0gNOZHslRkochaBObnYGldw0=">AAACAHicbVC5TsNAEF1zhnAFKChoLCIkqsjmEJQRNJRBIocUW9Z6M0lWWa+t3TEiMm74FRoKEKLlM+j4GzZHAQlPGunpvRnNzAsTwTU6zre1sLi0vLJaWCuub2xubZd2dhs6ThWDOotFrFoh1SC4hDpyFNBKFNAoFNAMB9cjv3kPSvNY3uEwAT+iPcm7nFE0UlDaf/QSzQMP4QGzOMXcU1T2BASlslNxxrDniTslZTJFLSh9eZ2YpRFIZIJq3XadBP2MKuRMQF70Ug0JZQPag7ahkkag/Wz8QG4fGaVjd2NlSqI9Vn9PZDTSehiFpjOi2Nez3kj8z2un2L30My6TFEGyyaJuKmyM7VEadocrYCiGhlCmuLnVZn2qKEOTWdGE4M6+PE8aJxX3tHJ+e1auXk3jKJADckiOiUsuSJXckBqpE0Zy8kxeyZv1ZL1Y79bHpHXBms7skT+wPn8AGmqXYQ==</latexit>

Any aAdS boundary is an operator, 
defined by insertion in the path integral:

dZ[J ]
���Z[J1] · · ·Z[Jm]

E
=

���Z[J ]Z[J1] · · ·Z[Jm]
E

<latexit sha1_base64="JBJYHPOs7A+/tcLVpGOLrjhtx30="></latexit>

h
dZ[J ], [Z[J 0]

i
= 0

<latexit sha1_base64="LTXfpaD88d/gs8lBJMzxLp33TLU=">AAACFnicbVDJSgNBEO2JW4xb1KOXwSB60DDjgl6EoBfxFMFocGYIPZ2apEnPQneNEoZ8hRd/xYsHRbyKN//GznKI0QcFr9+roquenwiu0LK+jdzU9MzsXH6+sLC4tLxSXF27UXEqGdRYLGJZ96kCwSOoIUcB9UQCDX0Bt37nvO/f3oNUPI6usZuAF9JWxAPOKGqpUdxzBQTouA+8CW2K2Z1z6fV2x5/bXs+VvNVG79RqFEtW2RrA/EvsESmREaqN4pfbjFkaQoRMUKUc20rQy6hEzgT0Cm6qIKGsQ1vgaBrREJSXDc7qmVtaaZpBLHVFaA7U8YmMhkp1Q193hhTbatLri/95TorBiZfxKEkRIjb8KEiFibHZz8hscgkMRVcTyiTXu5qsTSVlqJMs6BDsyZP/kpv9sn1QPro6LFXORnHkyQbZJDvEJsekQi5IldQII4/kmbySN+PJeDHejY9ha84YzayTXzA+fwCNop+Z</latexit>

Commuting: 



Simultaneous eigenstates of all         :

CFT objects as operators

Z[J ]
<latexit sha1_base64="6mgOI3ZuNhknIwAbne/WA5WQrz4=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXRjbiqYB+YhjKZTtqhM5MwMxFK6C+4caGIW3/InX/jpM1CqwcuHM65l3vvCRPOtHHdL6e0tLyyulZer2xsbm3vVHf32jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2E4+vc7zxSpVks780koYHAQ8kiRrDJpQf/NuhXa27dnQH9JV5BalCg2a9+9gYxSQWVhnCste+5iQkyrAwjnE4rvVTTBJMxHlLfUokF1UE2u3WKjqwyQFGsbEmDZurPiQwLrScitJ0Cm5Fe9HLxP89PTXQZZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwVt8+S9pn9S90/r53VmtcVXEUYYDOIRj8OACGnADTWgBgRE8wQu8OsJ5dt6c93lrySlm9uEXnI9vsuuOBQ==</latexit>

| BMi
<latexit sha1_base64="pv7+bR3oG04PGmiFNiGiKOkV1u0=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EieCqJH+ix6MVjBfsBTSmb7aRdutmE3YlY2h78K148KOLVv+HNf+O2zUFbHww83pthZl6QCK7Rdb+t3NLyyupafr2wsbm1vWPv7tV0nCoGVRaLWDUCqkFwCVXkKKCRKKBRIKAe9G8mfv0BlOaxvMdBAq2IdiUPOaNopLZ9MPITzds+wiMOuRz7isqugLZddEvuFM4i8TJSJBkqbfvL78QsjUAiE1Trpucm2BpShZwJGBf8VENCWZ92oWmopBHo1nB6/9g5NkrHCWNlSqIzVX9PDGmk9SAKTGdEsafnvYn4n9dMMbxqmbeSFEGy2aIwFQ7GziQMp8MVMBQDQyhT3NzqsB5VlKGJrGBC8OZfXiS105J3Vrq4Oy+Wr7M48uSQHJET4pFLUia3pEKqhJEReSav5M16sl6sd+tj1pqzspl98gfW5w8nmZbW</latexit>

| Qmii
<latexit sha1_base64="/yx0gNOZHslRkochaBObnYGldw0=">AAACAHicbVC5TsNAEF1zhnAFKChoLCIkqsjmEJQRNJRBIocUW9Z6M0lWWa+t3TEiMm74FRoKEKLlM+j4GzZHAQlPGunpvRnNzAsTwTU6zre1sLi0vLJaWCuub2xubZd2dhs6ThWDOotFrFoh1SC4hDpyFNBKFNAoFNAMB9cjv3kPSvNY3uEwAT+iPcm7nFE0UlDaf/QSzQMP4QGzOMXcU1T2BASlslNxxrDniTslZTJFLSh9eZ2YpRFIZIJq3XadBP2MKuRMQF70Ug0JZQPag7ahkkag/Wz8QG4fGaVjd2NlSqI9Vn9PZDTSehiFpjOi2Nez3kj8z2un2L30My6TFEGyyaJuKmyM7VEadocrYCiGhlCmuLnVZn2qKEOTWdGE4M6+PE8aJxX3tHJ+e1auXk3jKJADckiOiUsuSJXckBqpE0Zy8kxeyZv1ZL1Y79bHpHXBms7skT+wPn8AGmqXYQ==</latexit>

dZ[J ]
<latexit sha1_base64="I1B9Xj5n3H4Mvoucn8OKQwY64jw=">AAAB9XicbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRlxVsA9MY5lMbtqhk0mYmVhK6H+4caGIW//FnX/jtM1CWw9cOJxzL/fe4yecKW3b31ZhaXllda24XtrY3NreKe/uNVWcSgoNGvNYtn2igDMBDc00h3YigUQ+h5Y/uJ74rSeQisXiXo8S8CLSEyxklGgjPXaGLIA+0dmDe+uNu+WKXbWnwIvEyUkF5ah3y1+dIKZpBEJTTpRyHTvRXkakZpTDuNRJFSSEDkgPXEMFiUB52fTqMT4ySoDDWJoSGk/V3xMZiZQaRb7pjIjuq3lvIv7nuakOL72MiSTVIOhsUZhyrGM8iQAHTALVfGQIoZKZWzHtE0moNkGVTAjO/MuLpHlSdU6r53dnldpVHkcRHaBDdIwcdIFq6AbVUQNRJNEzekVv1tB6sd6tj1lrwcpn9tEfWJ8/r2OSow==</latexit>

States      are: • Unique for given eigenvalues
• Mutually orthogonal
• Complete in
• Overlapping with no-boundary state

H"l
<latexit sha1_base64="0qCEx6G5VyzOsHf4NGJRKxcNwHk=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5L4QJelbrqsYNpCE8JkOmmHTh7M3IglBPwVNy4Ucet3uPNvnLRZaOuBgcM593LPHD/hTIJpfmuVldW19Y3qZm1re2d3T98/6Mo4FYTaJOax6PtYUs4iagMDTvuJoDj0Oe35k9vC7z1QIVkc3cM0oW6IRxELGMGgJE8/ckIMY4J51s49B+gjZC079/S62TBnMJaJVZI6KtHx9C9nGJM0pBEQjqUcWGYCboYFMMJpXnNSSRNMJnhEB4pGOKTSzWbxc+NUKUMjiIV6ERgz9fdGhkMpp6GvJouwctErxP+8QQrBjZuxKEmBRmR+KEi5AbFRdGEMmaAE+FQRTARTWQ0yxgITUI3VVAnW4peXSfe8YV00ru4u681WWUcVHaMTdIYsdI2aqI06yEYEZegZvaI37Ul70d61j/loRSt3DtEfaJ8/zbGWCQ==</latexit>

dZ[J ]|↵i = Z↵[J ]|↵i 8J
<latexit sha1_base64="FbFeEZIl3+JEj5G+/ormt/U/r+w="></latexit>

|↵i
<latexit sha1_base64="mu86oox+/ZlObPdGARg6zaidI+k=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSR+oMeiF48V7Ac0sUy2m3bpZhN2N0qJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZekHCmtON8W4Wl5ZXVteJ6aWNza3unvLvXVHEqCW2QmMeyHaCinAna0Exz2k4kxSjgtBUMryd+64FKxWJxp0cJ9SPsCxYygtpI908e8mSAnkTR57RbrjhVZwp7kbg5qUCOerf85fVikkZUaMJRqY7rJNrPUGpGOB2XvFTRBMkQ+7RjqMCIKj+bXj22j4zSs8NYmhLanqq/JzKMlBpFgemMUA/UvDcR//M6qQ4v/YyJJNVUkNmiMOW2ju1JBHaPSUo0HxmCRDJzq00GKJFoE1TJhODOv7xImidV97R6fntWqV3lcRThAA7hGFy4gBrcQB0aQEDCM7zCm/VovVjv1sestWDlM/vwB9bnD9vvksA=</latexit>

h>>|↵i 6= 0
<latexit sha1_base64="fI6hnDQhdLFv9QdHQsNvjl83bh8=">AAACDXicbVC5TsNAEF1zE64AJc2KgEQV2RyCEkGTEiQCSHEUjTeTZMV6bXbHiMjkB2j4FRoKEKKlp+Nv2BwF15NGenpvRjPzolRJS77/6Y2NT0xOTc/MFubmFxaXissr5zbJjMCqSFRiLiOwqKTGKklSeJkahDhSeBFdHff9ixs0Vib6jLop1mNoa9mSAshJjeJGqEC3FYaEt5RXKr27EFTagdAMZY3X3G8US37ZH4D/JcGIlNgIJ43iR9hMRBajJqHA2lrgp1TPwZAUCnuFMLOYgriCNtYc1RCjreeDb3p80ylN3kqMK018oH6fyCG2thtHrjMG6tjfXl/8z6tl1Dqo51KnGaEWw0WtTHFKeD8a3pQGBamuIyCMdLdy0QEDglyABRdC8Pvlv+R8uxzslPdOd0uHR6M4ZtgaW2dbLGD77JBV2AmrMsHu2SN7Zi/eg/fkvXpvw9YxbzSzyn7Ae/8CHjScNQ==</latexit>



Orthonormal basis       for H"l
<latexit sha1_base64="0qCEx6G5VyzOsHf4NGJRKxcNwHk=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5L4QJelbrqsYNpCE8JkOmmHTh7M3IglBPwVNy4Ucet3uPNvnLRZaOuBgcM593LPHD/hTIJpfmuVldW19Y3qZm1re2d3T98/6Mo4FYTaJOax6PtYUs4iagMDTvuJoDj0Oe35k9vC7z1QIVkc3cM0oW6IRxELGMGgJE8/ckIMY4J51s49B+gjZC079/S62TBnMJaJVZI6KtHx9C9nGJM0pBEQjqUcWGYCboYFMMJpXnNSSRNMJnhEB4pGOKTSzWbxc+NUKUMjiIV6ERgz9fdGhkMpp6GvJouwctErxP+8QQrBjZuxKEmBRmR+KEi5AbFRdGEMmaAE+FQRTARTWQ0yxgITUI3VVAnW4peXSfe8YV00ru4u681WWUcVHaMTdIYsdI2aqI06yEYEZegZvaI37Ul70d61j/loRSt3DtEfaJ8/zbGWCQ==</latexit>

|↵i
<latexit sha1_base64="mu86oox+/ZlObPdGARg6zaidI+k=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSR+oMeiF48V7Ac0sUy2m3bpZhN2N0qJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZekHCmtON8W4Wl5ZXVteJ6aWNza3unvLvXVHEqCW2QmMeyHaCinAna0Exz2k4kxSjgtBUMryd+64FKxWJxp0cJ9SPsCxYygtpI908e8mSAnkTR57RbrjhVZwp7kbg5qUCOerf85fVikkZUaMJRqY7rJNrPUGpGOB2XvFTRBMkQ+7RjqMCIKj+bXj22j4zSs8NYmhLanqq/JzKMlBpFgemMUA/UvDcR//M6qQ4v/YyJJNVUkNmiMOW2ju1JBHaPSUo0HxmCRDJzq00GKJFoE1TJhODOv7xImidV97R6fntWqV3lcRThAA7hGFy4gBrcQB0aQEDCM7zCm/VovVjv1sestWDlM/vwB9bnD9vvksA=</latexit>

BU states as dual CFTs

CFTs      in the ensembleC↵
<latexit sha1_base64="AaxWwGhJXyLSMkJLhxA181ZJDlI=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIf6LLYjcsK9gFNCDfTSTt0MgkzE7GE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWdOkDAqlW1/G5W19Y3Nrep2bWd3b//APKz3ZJwKTLo4ZrEYBCAJo5x0FVWMDBJBIAoY6QfTduH3H4mQNOYPapYQL4IxpyHFoLTkm3U3AjXBwLJ27rvAkgn4ZsNu2nNYq8QpSQOV6PjmlzuKcRoRrjADKYeOnSgvA6EoZiSvuakkCeApjMlQUw4RkV42z55bp1oZWWEs9OPKmqu/NzKIpJxFgZ4sksplrxD/84apCm+8jPIkVYTjxaEwZZaKraIIa0QFwYrNNAEsqM5q4QkIwErXVdMlOMtfXiW986Zz0by6v2y0bss6qugYnaAz5KBr1EJ3qIO6CKMn9Ixe0ZuRGy/Gu/GxGK0Y5c4R+gPj8wdEq5SY</latexit>

dZ[J ]
<latexit sha1_base64="I1B9Xj5n3H4Mvoucn8OKQwY64jw=">AAAB9XicbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRlxVsA9MY5lMbtqhk0mYmVhK6H+4caGIW//FnX/jtM1CWw9cOJxzL/fe4yecKW3b31ZhaXllda24XtrY3NreKe/uNVWcSgoNGvNYtn2igDMBDc00h3YigUQ+h5Y/uJ74rSeQisXiXo8S8CLSEyxklGgjPXaGLIA+0dmDe+uNu+WKXbWnwIvEyUkF5ah3y1+dIKZpBEJTTpRyHTvRXkakZpTDuNRJFSSEDkgPXEMFiUB52fTqMT4ySoDDWJoSGk/V3xMZiZQaRb7pjIjuq3lvIv7nuakOL72MiSTVIOhsUZhyrGM8iQAHTALVfGQIoZKZWzHtE0moNkGVTAjO/MuLpHlSdU6r53dnldpVHkcRHaBDdIwcdIFq6AbVUQNRJNEzekVv1tB6sd6tj1lrwcpn9tEfWJ8/r2OSow==</latexit>

Ensemble classified by spectrum of

Probability of each theory is

Classical ensemble interpretation guaranteed

p↵ = |h>>|↵i|2
<latexit sha1_base64="ZTuEulYhApHJ1PGuB+MrcYlotUA=">AAACFnicbVA9bxNBEN0LCTEOIQZKmlWsSDRYd04QNEgWaVwaCX9IvuM0tx7bK+/tnXbnIqyzfwUNf4UmBQjRIjr+TdYfRbB50khP781oZl6SK2nJ9/96Bw8Ojx4eVx5VTx6fPjmrPX3Ws1lhBHZFpjIzSMCikhq7JEnhIDcIaaKwn8yuV37/Bo2Vmf5I8xyjFCZajqUAclJce5XHIah8CvwdX4QK9ERhSPiZynZ7udhYoVnLi0/NuFb3G/4afJ8EW1JnW3Ti2p9wlIkiRU1CgbXDwM8pKsGQFAqX1bCwmIOYwQSHjmpI0Ubl+q0lv3DKiI8z40oTX6v3J0pIrZ2nietMgaZ211uJ//OGBY3fRqXUeUGoxWbRuFCcMr7KiI+kQUFq7ggII92tXEzBgCCXZNWFEOy+vE96zUZw2Xj94areer+No8JesHP2kgXsDWuxNuuwLhPsC/vGvrMf3lfv1vvp/dq0HnjbmefsH3i/7wDd7Z/V</latexit>

D
Z[J1] · · ·Z[Jn]

E
=

X

↵

p↵Z↵[J1] · · ·Z↵[Jn]
<latexit sha1_base64="Uh2Id2vrzquLeL+ZcVqdblNtkT4="></latexit>

EFT description of each member of the ensemble



Failure of free approximation

This is a bad approximation! 

Fails for large “universe number”

dZ[J ] = hZ[J ]i+ a†J + aJ⇤ + · · ·
<latexit sha1_base64="QKl2flkbJPZ0wvhkMAMY4iZn67U="></latexit>

Approximation: small amplitude for universes to split/join

H"l =
<latexit sha1_base64="TYCl2wo7xd2HHzKskgri5GX69ss=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJXEB7oRSt10WcE+oC1hMp22QyeTMHMjllA3/oobF4q49S/c+TdO2iy09cCFwzn3cu89fiS4Bsf5tnJLyyura/n1wsbm1vaOvbvX0GGsKKvTUISq5RPNBJesDhwEa0WKkcAXrOmPblK/ec+U5qG8g3HEugEZSN7nlICRPPugExAYUiKS6sTrAHuApFKf4Gvs2UWn5EyBF4mbkSLKUPPsr04vpHHAJFBBtG67TgTdhCjgVLBJoRNrFhE6IgPWNlSSgOluMv1ggo+N0sP9UJmSgKfq74mEBFqPA990pvfqeS8V//PaMfSvugmXUQxM0tmifiwwhDiNA/e4YhTE2BBCFTe3YjokilAwoRVMCO78y4ukcVpyz0oXt+fFciWLI48O0RE6QS66RGVURTVURxQ9omf0it6sJ+vFerc+Zq05K5vZR39gff4AFNaWpA==</latexit>

Fock space of single universe states

“Position” operator: continuous spectrum?



Summary

• Construct baby universe Hilbert space from asymptotic boundaries

• Boundaries give commuting operators

• Diagonalise: basis       corresponding to members of dual ensemble

• Nonperturbative splitting/joining processes truncate Hilbert space

dZ[J ]
<latexit sha1_base64="I1B9Xj5n3H4Mvoucn8OKQwY64jw=">AAAB9XicbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRlxVsA9MY5lMbtqhk0mYmVhK6H+4caGIW//FnX/jtM1CWw9cOJxzL/fe4yecKW3b31ZhaXllda24XtrY3NreKe/uNVWcSgoNGvNYtn2igDMBDc00h3YigUQ+h5Y/uJ74rSeQisXiXo8S8CLSEyxklGgjPXaGLIA+0dmDe+uNu+WKXbWnwIvEyUkF5ah3y1+dIKZpBEJTTpRyHTvRXkakZpTDuNRJFSSEDkgPXEMFiUB52fTqMT4ySoDDWJoSGk/V3xMZiZQaRb7pjIjuq3lvIv7nuakOL72MiSTVIOhsUZhyrGM8iQAHTALVfGQIoZKZWzHtE0moNkGVTAjO/MuLpHlSdU6r53dnldpVHkcRHaBDdIwcdIFq6AbVUQNRJNEzekVv1tB6sd6tj1lrwcpn9tEfWJ8/r2OSow==</latexit>

|↵i
<latexit sha1_base64="mu86oox+/ZlObPdGARg6zaidI+k=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSR+oMeiF48V7Ac0sUy2m3bpZhN2N0qJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZekHCmtON8W4Wl5ZXVteJ6aWNza3unvLvXVHEqCW2QmMeyHaCinAna0Exz2k4kxSjgtBUMryd+64FKxWJxp0cJ9SPsCxYygtpI908e8mSAnkTR57RbrjhVZwp7kbg5qUCOerf85fVikkZUaMJRqY7rJNrPUGpGOB2XvFTRBMkQ+7RjqMCIKj+bXj22j4zSs8NYmhLanqq/JzKMlBpFgemMUA/UvDcR//M6qQ4v/YyJJNVUkNmiMOW2ju1JBHaPSUo0HxmCRDJzq00GKJFoE1TJhODOv7xImidV97R6fntWqV3lcRThAA7hGFy4gBrcQB0aQEDCM7zCm/VovVjv1sestWDlM/vwB9bnD9vvksA=</latexit>



A solvable example



A topological theory of gravity

A topological theory of 2D gravity (no metric!):
Z

D� e�S[�] =
X

hQTQHQ;B+�H
bm`7�+2b

e
S0
2 �

<latexit sha1_base64="98KrXDO3iYlji8VR6nhT2MVu6ZM="></latexit>

Boundary conditions: circular boundaries

Z
<latexit sha1_base64="dekGQav8Vowt4HW8J7eAMo4sV7w=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUeEDZkdGhiZnd3MzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7aFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A7sFjOU=</latexit>

Z
<latexit sha1_base64="dekGQav8Vowt4HW8J7eAMo4sV7w=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUeEDZkdGhiZnd3MzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7aFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A7sFjOU=</latexit>

Z
<latexit sha1_base64="dekGQav8Vowt4HW8J7eAMo4sV7w=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUeEDZkdGhiZnd3MzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7aFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A7sFjOU=</latexit>

⌦
Z3

↵
◆

<latexit sha1_base64="TXOZkTTjIjL6LsafUWXN5+spfGw=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUUBGMFC2OR6EM0oXLc29aq4wTbQaqqfgELv8LCAEKszGz8DW6aAVqOZOncc+7V9T1BzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hokRSqNOIR7IVEAWcCahrpjm0YgkkDDg0g+Hl1G8+gFQsEjd6FIMfkr5gPUaJNlLHLnkB63uciD4HfHtXwWktZ7WnkliBhvuOXXTKTgq8SNyMFFGGWsf+8roRTUIQmnKiVNt1Yu2PidSMcpgUvERBTOiQ9KFtqCAhKH+cnjPBJaN0cS+S5gmNU/X3xJiESo3CwHSGRA/UvDcV//Paie6d+2Mm4kSDoLNFvYRjHeFpNrjLJFDNR4YQKpn5K6YDIgnVJsGCCcGdP3mRNI7LbqV8en1SrF5kceTRATpER8hFZ6iKrlAN1RFFj+gZvaI368l6sd6tj1lrzspm9tEfWJ8/4DycBQ==</latexit>

Z =
<latexit sha1_base64="Wk5ECf5BHABoC5CFY/G4Nmwg5ko=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6EUIevEYxSyYDKGnU5M06ekZunuEMOQPvHhQxKt/5M2/sbMcNPFBweO9KqrqBYng2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR2nimGNxSJWzYBqFFxizXAjsJkopFEgsBEMbsZ+4wmV5rF8MMME/Yj2JA85o8ZK949XnWLJLbsTkEXizUgJZqh2il/tbszSCKVhgmrd8tzE+BlVhjOBo0I71ZhQNqA9bFkqaYTazyaXjsiRVbokjJUtachE/T2R0UjrYRTYzoiavp73xuJ/Xis14aWfcZmkBiWbLgpTQUxMxm+TLlfIjBhaQpni9lbC+lRRZmw4BRuCN//yIqmflL3T8vndWalyPYsjDwdwCMfgwQVU4BaqUAMGITzDK7w5A+fFeXc+pq05ZzazD3/gfP4APMaNLA==</latexit>

= 1⇥ eS0

<latexit sha1_base64="gudCFT0L7lxjkjspverRBzH8nYQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBhZRECroRim5cVrQPaGKYTCft0MmDmYkQQv0VNy4UceuHuPNvnLZZaOuBC4dz7uXee/yEM6ks69sorayurW+UNytb2zu7e+b+QUfGqSC0TWIei56PJeUsom3FFKe9RFAc+px2/fH11O8+UiFZHN2rLKFuiIcRCxjBSkueWb10TpHtKBZSiehDfudZE8+sWXVrBrRM7ILUoEDLM7+cQUzSkEaKcCxl37YS5eZYKEY4nVScVNIEkzEe0r6mEdbL3Hx2/AQda2WAgljoihSaqb8nchxKmYW+7gyxGslFbyr+5/VTFVy4OYuSVNGIzBcFKUcqRtMk0IAJShTPNMFEMH0rIiMsMFE6r4oOwV58eZl0zup2o964bdSaV0UcZTiEIzgBG86hCTfQgjYQyOAZXuHNeDJejHfjY95aMoqZKvyB8fkDDDKTwQ==</latexit>

Fudge: do not count contributions to       from boundaries: �
<latexit sha1_base64="7mwC9ftggGcNHcvt92CAFqF8Yo4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+yfvXQqDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEB/o45</latexit>

� ! 2� 2g

<latexit sha1_base64="SEcBrNLOxzwvsB1QbbiMyOV60VU=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRvFiSUtBj0YvHCrYWmlA22026dJMNuxulhIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAtSzpR2nG+rtLK6tr5R3qxsbe/s7tn7Bx0lMklomwguZDfAinKW0LZmmtNuKimOA07vg9H11L9/oFIxkdzpcUr9GEcJCxnB2kh9+8gjQ4Y8yaKhxlKKR1Q/r0d9u+rUnBnQMnELUoUCrb795Q0EyWKaaMKxUj3XSbWfY6kZ4XRS8TJFU0xGOKI9QxMcU+Xns/Mn6NQoAxQKaSrRaKb+nshxrNQ4DkxnjPVQLXpT8T+vl+nw0s9ZkmaaJmS+KMw40gJNs0ADJinRfGwIJpKZWxEZYomJNolVTAju4svLpFOvuY1a47ZRbV4VcZThGE7gDFy4gCbcQAvaQCCHZ3iFN+vJerHerY95a8kqZg7hD6zPHx6wlPE=</latexit>

Dual interpretation: Z = TrH*6h1 = dimH*6h

<latexit sha1_base64="8NeszOBC3MutMDjYIE6mJHfarSI="></latexit>



End-of-the-world branes 

Include dynamical boundaries (EOW brane)

Extra boundary condition: intervals between EWBs

i
<latexit sha1_base64="IX26zSJF1vrmN7wLtaFmxfv2Aw4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxU571S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH0cGM9A==</latexit>

i
<latexit sha1_base64="IX26zSJF1vrmN7wLtaFmxfv2Aw4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxU571S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH0cGM9A==</latexit>

j
<latexit sha1_base64="nwpd4dFqhCY87MZY0aWnbHmVodk=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXRjcsK9gFtKJPppB07MwkzE6GE/IIbF4q49Yfc+TdO2iy09cCFwzn3cu89QcyZNq777ZRWVtfWN8qbla3tnd296v5BW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpv7nSeqNIvkg5nG1Bd4JFnICDa59DhIs0G15tbdGdAy8QpSgwLNQfWrP4xIIqg0hGOte54bGz/FyjDCaVbpJ5rGmEzwiPYslVhQ7aezWzN0YpUhCiNlSxo0U39PpFhoPRWB7RTYjPWil4v/eb3EhNd+ymScGCrJfFGYcGQilD+OhkxRYvjUEkwUs7ciMsYKE2PjqdgQvMWXl0n7rO6d1y/vL2qNmyKOMhzBMZyCB1fQgDtoQgsIjOEZXuHNEc6L8+58zFtLTjFzCH/gfP4ATHeOag==</latexit>

( j , i) =

<latexit sha1_base64="TCfDtFntlGSvRMmt2dS+DKcAhXg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahgpRECroRim5cVrAPaEOYTCft2MmDmYlSYj/FjQtF3Pol7vwbp2kW2nrgcg/n3MvcOV7MmVSW9W0UVlbX1jeKm6Wt7Z3dPbO835ZRIghtkYhHouthSTkLaUsxxWk3FhQHHqcdb3w98zsPVEgWhXdqElMnwMOQ+YxgpSXXLFf7sWTu/WnW2Am6dM2KVbMyoGVi56QCOZqu+dUfRCQJaKgIx1L2bCtWToqFYoTTaamfSBpjMsZD2tM0xAGVTpqdPkXHWhkgPxK6QoUy9fdGigMpJ4GnJwOsRnLRm4n/eb1E+RdOysI4UTQk84f8hCMVoVkOaMAEJYpPNMFEMH0rIiMsMFE6rZIOwV788jJpn9Xseq1+W680rvI4inAIR1AFG86hATfQhBYQeIRneIU348l4Md6Nj/lowch3DuAPjM8f2jeTFw==</latexit>

D
Z( j1 , i1)( j2 , i2)

E
�

<latexit sha1_base64="U2LmUHMzUeuaqjC3ug+PUFFqTPA="></latexit>

Dual interpretation: overlap of EOW states

i = 1, 2, . . . , k

<latexit sha1_base64="RsGUPgr4pjhpdsep3M8MVPc4938=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBQym7paAXoejFYwX7Ae1astlsG5pNliSrlNL/4cWDIl79L978N6btHrT1wcDjvRlm5gUJZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0tU0Vok0guVSfAmnImaNMww2knURTHAaftYHQz89uPVGkmxb0ZJ9SP8UCwiBFsrPTArrxytdzjoTS6POoXS27FnQOtEi8jJcjQ6Be/eqEkaUyFIRxr3fXcxPgTrAwjnE4LvVTTBJMRHtCupQLHVPuT+dVTdGaVEEVS2RIGzdXfExMcaz2OA9sZYzPUy95M/M/rpia69CdMJKmhgiwWRSlHRqJZBChkihLDx5Zgopi9FZEhVpgYG1TBhuAtv7xKWtWKV6vU7mql+nUWRx5O4BTOwYMLqMMtNKAJBBQ8wyu8OU/Oi/PufCxac042cwx/4Hz+APZ/kYc=</latexit>

= k�i1j2�i2j1

<latexit sha1_base64="hTD/TOTtxiO1SVhDQCNm34bhM6w=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiSloBuh6MZlBfuAtoTJZNJOO3kwcyOUkL0bf8WNC0Xc+gPu/BunbUBtPXDhzDn3MvceNxZcgWV9GYW19Y3NreJ2aWd3b//APDxqqyiRlLVoJCLZdYligoesBRwE68aSkcAVrONOrmd+555JxaPwDqYxGwRkGHKfUwJacszyJZ7gvscEECfljj12atnPszZ27MwxK1bVmgOvEjsnFZSj6ZiffS+iScBCoIIo1bOtGAYpkcCpYFmpnygWEzohQ9bTNCQBU4N0fkuGT7XiYT+SukLAc/X3REoCpaaBqzsDAiO17M3E/7xeAv7FIOVhnAAL6eIjPxEYIjwLBntcMgpiqgmhkutdMR0RSSjo+Eo6BHv55FXSrlXterV+W680rvI4iugEldEZstE5aqAb1EQtRNEDekIv6NV4NJ6NN+N90Vow8plj9AfGxzfXs5pQ</latexit>



Solving for amplitudes

Z =
⌦
1
↵
= e�

<latexit sha1_base64="3fxQvTIKeLgpSBT4z3xObmFPdEI=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSuID3QhFNy4r2Co2sdxMb+rQySTMTIQS+iNu/BU3LhRx4Ub8G6dNF74ODJx7zr3cuSdMBdfGdT+dqemZ2bn50kJ5cWl5ZbWytt7SSaYYNlkiEnUVgkbBJTYNNwKvUoUQhwIvw/7pyL+8Q6V5Ii/MIMUghp7kEWdgrNSp7PsxmNtIQT+/HtJj6oe85wuQPYHUKypVVMcUb6wTh13oVKpuzR2D/iXehFTJBI1O5d3vJiyLURomQOu256YmyEEZzgQOy36mMQXWhx62LZUQow7y8XVDum2VLo0SZZ80dKx+n8gh1noQh7ZzdIv+7Y3E/7x2ZqKjIOcyzQxKViyKMkFNQkdR0S5XyIwYWAJMcftXym5BATM20LINwft98l/S2q15e7WD8/1q/WQSR4lski2yQzxySOrkjDRIkzByTx7JM3lxHpwn59V5K1qnnMnMBvkB5+MLPLqhYQ==</latexit>

No boundaries:

Z�1
⌦
Z
↵
=

<latexit sha1_base64="5j3VGN31FZK3r5z1uFqT8OxU7NQ=">AAACF3icbVC7TsMwFHXKq5RXgJHFokJiIUp4CBakChbGItGH2pTKcZ3UquNEtoNURfkLFn6FhQGEWGHjb3CaDtByJEvnnnOvru/xYkalsu1vo7SwuLS8Ul6trK1vbG6Z2ztNGSUCkwaOWCTaHpKEUU4aiipG2rEgKPQYaXmj69xvPRAhacTv1DgmvRAFnPoUI6Wlvmm5IVJDX6BR2snu0yMng65HA5chHjACO0UliuoS9s2qbdkTwHniTEkVTFHvm1/uIMJJSLjCDEnZdexY9VIkFMWMZBU3kSRGeIQC0tWUo5DIXjq5K4MHWhlAPxL6cQUn6u+JFIVSjkNPd+ZXyFkvF//zuonyL3op5XGiCMfFIj9hUEUwDwkOqCBYsbEmCAuq/wrxEAmElY6yokNwZk+eJ81jyzmxzm5Pq7WraRxlsAf2wSFwwDmogRtQBw2AwSN4Bq/gzXgyXox346NoLRnTmV3wB8bnD/ldnyU=</latexit>

Z�1
⌦
Z2

↵
=

<latexit sha1_base64="23lAHAoR+anpEFGnuSjZoUjL00k=">AAACGXicbVC7TsMwFHXKq5RXgJHFokJioUoKCBakChbGItGH2qSV4zqpVceJbAepivIbLPwKCwMIMcLE3+A2HaDlSJbOPedeXd/jxYxKZVnfRmFpeWV1rbhe2tjc2t4xd/eaMkoEJg0csUi0PSQJo5w0FFWMtGNBUOgx0vJGNxO/9UCEpBG/V+OYuCEKOPUpRkpLfdNyQqSGvkCjtJP10hM7g45HA4chHjACO71qXou8voJ9s2xVrCngIrFnpAxmqPfNT2cQ4SQkXGGGpOzaVqzcFAlFMSNZyUkkiREeoYB0NeUoJNJNp5dl8EgrA+hHQj+u4FT9PZGiUMpx6OnOyR1y3puI/3ndRPmXbkp5nCjCcb7ITxhUEZzEBAdUEKzYWBOEBdV/hXiIBMJKh1nSIdjzJy+SZrVin1bO787KtetZHEVwAA7BMbDBBaiBW1AHDYDBI3gGr+DNeDJejHfjI28tGLOZffAHxtcPPpOfyQ==</latexit>

Z�1
⌦
Z3

↵
=

<latexit sha1_base64="4aVvGD8px1rFbb81tfLrIV0uy7E=">AAACGXicbVC7TsMwFHXKq5RXgJHFokJioUooCBakChbGItGH2rSV4zqpVceJbAepivIbLPwKCwMIMcLE3+C0GaDlSJbOPedeXd/jRoxKZVnfRmFpeWV1rbhe2tjc2t4xd/eaMowFJg0cslC0XSQJo5w0FFWMtCNBUOAy0nLHN5nfeiBC0pDfq0lEegHyOfUoRkpLA9NyAqRGnkDjpJP2kxM7hY5LfYch7jMCO/3qrBaz+goOzLJVsaaAi8TOSRnkqA/MT2cY4jggXGGGpOzaVqR6CRKKYkbSkhNLEiE8Rj7paspRQGQvmV6WwiOtDKEXCv24glP190SCAikngas7szvkvJeJ/3ndWHmXvYTyKFaE49kiL2ZQhTCLCQ6pIFixiSYIC6r/CvEICYSVDrOkQ7DnT14kzdOKXa2c352Va9d5HEVwAA7BMbDBBaiBW1AHDYDBI3gGr+DNeDJejHfjY9ZaMPKZffAHxtcPQCafyg==</latexit>

= �
<latexit sha1_base64="H+EOogOFkZTulXBDGzsOuOegf3s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxoRTdC0Y3LCvYh7VAymUwbmmSGJCOUoV/hxoUibv0cd/6NaTsLbT0QOJxzLrn3BAln2rjut1NYWV1b3yhulra2d3b3yvsHLR2nitAmiXmsOgHWlDNJm4YZTjuJolgEnLaD0e3Ubz9RpVksH8w4ob7AA8kiRrCx0uM16nEbDnG/XHGr7gxomXg5qUCORr/81QtjkgoqDeFY667nJsbPsDKMcDop9VJNE0xGeEC7lkosqPaz2cITdGKVEEWxsk8aNFN/T2RYaD0WgU0KbIZ60ZuK/3nd1ERXfsZkkhoqyfyjKOXIxGh6PQqZosTwsSWYKGZ3RWSIFSbGdlSyJXiLJy+T1lnVO69e3Ncq9Zu8jiIcwTGcggeXUIc7aEATCAh4hld4c5Tz4rw7H/NowclnDuEPnM8fGLaP9Q==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

= �2 + �
<latexit sha1_base64="UB5l7VB+bRL3F2NO2Q2lnEF+VH0=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSIIQkmqohuh6MZlBfuANpbJZNIOnUzCzEQsob/ixoUibv0Rd/6N0zYLbT0wcDjnXO6d4yecKe0439bS8srq2npho7i5tb2za++VmipOJaENEvNYtn2sKGeCNjTTnLYTSXHkc9ryhzcTv/VIpWKxuNejhHoR7gsWMoK1kXp26arLTTrAD9WTnPXsslNxpkCLxM1JGXLUe/ZXN4hJGlGhCcdKdVwn0V6GpWaE03GxmyqaYDLEfdoxVOCIKi+b3j5GR0YJUBhL84RGU/X3RIYjpUaRb5IR1gM1703E/7xOqsNLL2MiSTUVZLYoTDnSMZoUgQImKdF8ZAgmkplbERlgiYk2dRVNCe78lxdJs1pxTyvnd2fl2nVeRwEO4BCOwYULqMEt1KEBBJ7gGV7hzRpbL9a79TGLLln5zD78gfX5AxpWk9g=</latexit>

= �3 + 3�2 + �
<latexit sha1_base64="bsvk983ewZwYJj7js267rnyQM68=">AAACCHicbVDLSgMxFL3js9bXqEsXBosgFMpMq+hGKLpxWcE+oB1LJpNpQzMPkoxQhi7d+CtuXCji1k9w59+YtiNo64HAyTnnktzjxpxJZVlfxsLi0vLKam4tv76xubVt7uw2ZJQIQusk4pFouVhSzkJaV0xx2ooFxYHLadMdXI395j0VkkXhrRrG1AlwL2Q+I1hpqWseXHS4Tnv4roKKqPJzKRcz1jULVsmaAM0TOyMFyFDrmp8dLyJJQENFOJaybVuxclIsFCOcjvKdRNIYkwHu0bamIQ6odNLJIiN0pBUP+ZHQJ1Roov6eSHEg5TBwdTLAqi9nvbH4n9dOlH/upCyME0VDMn3ITzhSERq3gjwmKFF8qAkmgum/ItLHAhOlu8vrEuzZledJo1yyK6XTm5NC9TKrIwf7cAjHYMMZVOEaalAHAg/wBC/wajwaz8ab8T6NLhjZzB78gfHxDVHdmEY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

⇥3
<latexit sha1_base64="zq9+bC+bSOSicpDKfeSVuuSi5Fk=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmAckS5idzCZDZmfXmV4hLPkJLx4U8ervePNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1gOOE+xEdKBEKRtFK7S6KiBty3itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRe0aP5vdOyEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6fOkLzRnKMeWUKaFvZWwIdWUoY2oZEPwFl9eJs2zqndevby/qNRu8jiKcATHcAoeXEEN7qAODWAg4Rle4c15dF6cd+dj3lpw8plD+APn8weFRI+i</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

X

*QMM2+i2/ bm`7�+2b
6Bt2/ #QmM/�`B2b

e
S0
2 � = �

<latexit sha1_base64="Ew520xh9Om+M2gU0QzbBWhTt05Q="></latexit>

� � 1

<latexit sha1_base64="9ohV+G75F60tHl3mvesdTafJdeM=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiRS0GXRjcsK9gFNKJPJJB06mcSZSaGEfocbF4q49WPc+TdO2yy09cDA4ZxzuXdOkHGmtON8W5WNza3tnepubW//4PDIPj7pqjSXhHZIylPZD7CinAna0Uxz2s8kxUnAaS8Y38393oRKxVLxqKcZ9RMcCxYxgrWRfI+baIiRF8fIHdp1p+EsgNaJW5I6lGgP7S8vTEmeUKEJx0oNXCfTfoGlZoTTWc3LFc0wGeOYDgwVOKHKLxZHz9CFUUIUpdI8odFC/T1R4ESpaRKYZIL1SK16c/E/b5Dr6MYvmMhyTQVZLopyjnSK5g2gkElKNJ8agolk5lZERlhiok1PNVOCu/rlddK9arjNRvOhWW/dlnVU4QzO4RJcuIYW3EMbOkDgCZ7hFd6sifVivVsfy2jFKmdO4Q+szx+gg5Fb</latexit>

Classical limit:



Solving for amplitudes

⌦
euZ

↵
= exp [�eu]

<latexit sha1_base64="vBtY7yHsxVSVq2K5mmgxyXFXOrY=">AAACLHicbVDLSsNAFJ3UV62vqks3g0VwVRIf6EYounGpYFVsYplMb9rBySTM3Igl9IPc+CuCuFDErd/htM1CrQcGDuecy517wlQKg6777pSmpmdm58rzlYXFpeWV6urapUkyzaHJE5no65AZkEJBEwVKuE41sDiUcBXenQz9q3vQRiTqAvspBDHrKhEJztBK7eqJLyFC6kumuhIo3OYZvRlQX4tuD309Vo+oDw/pKNmyyTjsMJvMilTQrtbcujsCnSReQWqkwFm7+uJ3Ep7FoJBLZkzLc1MMcqZRcAmDip8ZSBm/Y11oWapYDCbIR8cO6JZVOjRKtH0K6Uj9OZGz2Jh+HNpkzLBn/npD8T+vlWF0GORCpRmC4uNFUSYpJnTYHO0IDRxl3xLGtbB/pbzHNONo+63YEry/J0+Sy526t1vfP9+rNY6LOspkg2ySbeKRA9Igp+SMNAknj+SZvJF358l5dT6cz3G05BQz6+QXnK9v/MCoEw==</latexit>

Generating function for all         amplitudes:
⌦
Zn

↵
<latexit sha1_base64="WJYYFifyMUpAQ9v5dwR79z4sSK8=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCU8BGMFC2OR6EM0pXLcm9aq40S2g1RFHVj4FRYGEGLlI9j4G9w0A7QcydK559yr63v8mDOlHefbKiwtr6yuFddLG5tb2zv27l5TRYmk0KARj2TbJwo4E9DQTHNoxxJI6HNo+aOrqd96AKlYJG71OIZuSAaCBYwSbaSeXfZ8NvA4EQMO+O5e4KyWWd2zK07VyYAXiZuTCspR79lfXj+iSQhCU06U6rhOrLspkZpRDpOSlyiICR2RAXQMFSQE1U2zIyb40Ch9HETSPKFxpv6eSEmo1Dj0TWdI9FDNe1PxP6+T6OCimzIRJxoEnS0KEo51hKeJ4D6TQDUfG0KoZOavmA6JJFSb3EomBHf+5EXSPK66J9Wzm9NK7TKPo4jK6AAdIRedoxq6RnXUQBQ9omf0it6sJ+vFerc+Zq0FK5/ZR39gff4AUyKX5g==</latexit>

X

*QMM2+i2/ bm`7�+2b
6Bt2/ #QmM/�`B2b

e
S0
2 � = �

<latexit sha1_base64="Ew520xh9Om+M2gU0QzbBWhTt05Q="></latexit>

� � 1

<latexit sha1_base64="9ohV+G75F60tHl3mvesdTafJdeM=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiRS0GXRjcsK9gFNKJPJJB06mcSZSaGEfocbF4q49WPc+TdO2yy09cDA4ZxzuXdOkHGmtON8W5WNza3tnepubW//4PDIPj7pqjSXhHZIylPZD7CinAna0Uxz2s8kxUnAaS8Y38393oRKxVLxqKcZ9RMcCxYxgrWRfI+baIiRF8fIHdp1p+EsgNaJW5I6lGgP7S8vTEmeUKEJx0oNXCfTfoGlZoTTWc3LFc0wGeOYDgwVOKHKLxZHz9CFUUIUpdI8odFC/T1R4ESpaRKYZIL1SK16c/E/b5Dr6MYvmMhyTQVZLopyjnSK5g2gkElKNJ8agolk5lZERlhiok1PNVOCu/rlddK9arjNRvOhWW/dlnVU4QzO4RJcuIYW3EMbOkDgCZ7hFd6sifVivVsfy2jFKmdO4Q+szx+gg5Fb</latexit>

Classical limit:



Solving for amplitudes

Moment generating function of Poisson random variable

Z ⇠ Poisson(�)
<latexit sha1_base64="+Vafm2PDPlDW0sjYqSJeXenqINw=">AAACD3icbVC7TsMwFHV4lvIKMLJYVKCyVAkPwVjBwlgk+hBNVDmO01p17Mh2kKqof8DCr7AwgBArKxt/g9NmgJYjWTo65z58T5AwqrTjfFsLi0vLK6ultfL6xubWtr2z21IilZg0sWBCdgKkCKOcNDXVjHQSSVAcMNIOhte5334gUlHB7/QoIX6M+pxGFCNtpJ59dA89RWPoiYRIpIXkKCZZQ1ClBB9XPWZGhei4Z1ecmjMBnCduQSqgQKNnf3mhwGlMuMYMKdV1nUT7GZKaYkbGZS9VJEF4iPqka2i+VfnZ5J4xPDRKCCMhzeMaTtTfHRmKlRrFgamMkR6oWS8X//O6qY4u/YzyJNWE4+miKGVQC5iHA0MqCdZsZAjCkpq/QjxAEmFtIiybENzZk+dJ66TmntbOb88q9asijhLYBwegClxwAergBjRAE2DwCJ7BK3iznqwX6936mJYuWEXPHvgD6/MHNU2cxw==</latexit>

Integer-valued distribution! Z = dimH*6h 2 N
<latexit sha1_base64="wFM/6GuIdP5lvU2FEGju+qJyH1A=">AAACF3icbVDJSgNBEO1xjXEb9eilMQiewowLehGCAclJImTDTAg9nU7SpKdn6K4RwzB/4cVf8eJBEa9682/sLAdNfFDweK+Kqnp+JLgGx/m2FhaXlldWM2vZ9Y3NrW17Z7emw1hRVqWhCFXDJ5oJLlkVOAjWiBQjgS9Y3R8UR379ninNQ1mBYcRaAelJ3uWUgJHadv4OX2KvwwPsBQT6lIiklLY9YA+QFK8rKfa4nFi+n9ykbTvn5J0x8DxxpySHpii37S+vE9I4YBKoIFo3XSeCVkIUcCpYmvVizSJCB6THmoZKEjDdSsZ/pfjQKB3cDZUpCXis/p5ISKD1MPBN5+hCPeuNxP+8Zgzdi1bCZRQDk3SyqBsLDCEehYQ7XDEKYmgIoYqbWzHtE0UomCizJgR39uV5UjvOuyf5s9vTXOFqGkcG7aMDdIRcdI4KqITKqIooekTP6BW9WU/Wi/VufUxaF6zpzB76A+vzBywRn1k=</latexit>

⌦
euZ

↵
= exp [�eu]

<latexit sha1_base64="vBtY7yHsxVSVq2K5mmgxyXFXOrY=">AAACLHicbVDLSsNAFJ3UV62vqks3g0VwVRIf6EYounGpYFVsYplMb9rBySTM3Igl9IPc+CuCuFDErd/htM1CrQcGDuecy517wlQKg6777pSmpmdm58rzlYXFpeWV6urapUkyzaHJE5no65AZkEJBEwVKuE41sDiUcBXenQz9q3vQRiTqAvspBDHrKhEJztBK7eqJLyFC6kumuhIo3OYZvRlQX4tuD309Vo+oDw/pKNmyyTjsMJvMilTQrtbcujsCnSReQWqkwFm7+uJ3Ep7FoJBLZkzLc1MMcqZRcAmDip8ZSBm/Y11oWapYDCbIR8cO6JZVOjRKtH0K6Uj9OZGz2Jh+HNpkzLBn/npD8T+vlWF0GORCpRmC4uNFUSYpJnTYHO0IDRxl3xLGtbB/pbzHNONo+63YEry/J0+Sy526t1vfP9+rNY6LOspkg2ySbeKRA9Igp+SMNAknj+SZvJF358l5dT6cz3G05BQz6+QXnK9v/MCoEw==</latexit>

Generating function for all         amplitudes:
⌦
Zn

↵
<latexit sha1_base64="WJYYFifyMUpAQ9v5dwR79z4sSK8=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCU8BGMFC2OR6EM0pXLcm9aq40S2g1RFHVj4FRYGEGLlI9j4G9w0A7QcydK559yr63v8mDOlHefbKiwtr6yuFddLG5tb2zv27l5TRYmk0KARj2TbJwo4E9DQTHNoxxJI6HNo+aOrqd96AKlYJG71OIZuSAaCBYwSbaSeXfZ8NvA4EQMO+O5e4KyWWd2zK07VyYAXiZuTCspR79lfXj+iSQhCU06U6rhOrLspkZpRDpOSlyiICR2RAXQMFSQE1U2zIyb40Ch9HETSPKFxpv6eSEmo1Dj0TWdI9FDNe1PxP6+T6OCimzIRJxoEnS0KEo51hKeJ4D6TQDUfG0KoZOavmA6JJFSb3EomBHf+5EXSPK66J9Wzm9NK7TKPo4jK6AAdIRedoxq6RnXUQBQ9omf0it6sJ+vFerc+Zq0FK5/ZR39gff4AUyKX5g==</latexit>

= e�
1X

d=0

pde
ud

<latexit sha1_base64="KwnvUOCYj6I6tdCOMw69zEk1N3U=">AAACEXicbVDLSsNAFJ34rPVVdelmsAhdlUQKuikU3bisYB/QtGEyuWmHTiZhZiKUkF9w46+4caGIW3fu/Bunj4W2Hhg4nHMud+7xE86Utu1va219Y3Nru7BT3N3bPzgsHR23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj++mfqdB5CKxeJeTxLoR2QoWMgo0UbySpU6DFxu8gHBrkojLwvqdj5wmQj1BCdegGGQpTjIvVLZrtoz4FXiLEgZLdD0Sl9uENM0AqEpJ0r1HDvR/YxIzSiHvOimChJCx2QIPUMFiUD1s9lFOT43SoDDWJonNJ6pvycyEik1iXyTjIgeqWVvKv7n9VIdXvUzJpJUg6DzRWHKsY7xtB4cMAlU84khhEpm/orpiEhCtSmxaEpwlk9eJe2LqlOr1u5q5cb1oo4COkVnqIIcdIka6BY1UQtR9Iie0St6s56sF+vd+phH16zFzAn6A+vzB89ZnQM=</latexit>

pd = e���
d

d!

<latexit sha1_base64="KWJrdpzF2S/gcHWB24kBYvYtTqc=">AAACDnicbVDNS8MwHE3n15xfVY9eomPgxdHKQC/C0IvHCe4D1q6kabqFpWlJUmGU/gVe/Fe8eFDEq2dv/jdmWw+6+SDw8t7vkfyenzAqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyDgVmLRxzGLR85EkjHLSVlQx0ksEQZHPSNcf30z97gMRksb8Xk0S4kZoyGlIMVJa8sxa4gXwigyyM4fpVIByJxQIZ8VtEORZcJx7ZtWqWzPAZWIXpAoKtDzzywlinEaEK8yQlH3bSpSbIaEoZiSvOKkkCcJjNCR9TTmKiHSz2To5rGklgGEs9OEKztTfiQxFUk4iX09GSI3kojcV//P6qQov3YzyJFWE4/lDYcqgiuG0GxhQQbBiE00QFlT/FeIR0nUo3WBFl2AvrrxMOud1u1Fv3DWqzeuijjI4AifgFNjgAjTBLWiBNsDgETyDV/BmPBkvxrvxMR8tGUXmEPyB8fkDRP6cRQ==</latexit>

X

*QMM2+i2/ bm`7�+2b
6Bt2/ #QmM/�`B2b

e
S0
2 � = �

<latexit sha1_base64="Ew520xh9Om+M2gU0QzbBWhTt05Q="></latexit>

� � 1

<latexit sha1_base64="9ohV+G75F60tHl3mvesdTafJdeM=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiRS0GXRjcsK9gFNKJPJJB06mcSZSaGEfocbF4q49WPc+TdO2yy09cDA4ZxzuXdOkHGmtON8W5WNza3tnepubW//4PDIPj7pqjSXhHZIylPZD7CinAna0Uxz2s8kxUnAaS8Y38393oRKxVLxqKcZ9RMcCxYxgrWRfI+baIiRF8fIHdp1p+EsgNaJW5I6lGgP7S8vTEmeUKEJx0oNXCfTfoGlZoTTWc3LFc0wGeOYDgwVOKHKLxZHz9CFUUIUpdI8odFC/T1R4ESpaRKYZIL1SK16c/E/b5Dr6MYvmMhyTQVZLopyjnSK5g2gkElKNJ8agolk5lZERlhiok1PNVOCu/rlddK9arjNRvOhWW/dlnVU4QzO4RJcuIYW3EMbOkDgCZ7hFd6sifVivVsfy2jFKmdO4Q+szx+gg5Fb</latexit>

Classical limit:



Solving for amplitudes

Include EWB boundaries:

Sum of boundaries on each 
connected component:

exp

"
u+

1X

n=1

1

n
Tr tn

#
=

eu

det(1� t)
<latexit sha1_base64="0lPTpRS2HHodMQ/SEO6Th5NwfjA="></latexit>

D
euZ+

Pk
i,j=1 tij( j , i)

E
= exp


�

eu

det(1� t)

�

<latexit sha1_base64="geCek8DnhZJjOQstUeBCUKUJAfA="></latexit>



Solving for amplitudes
Include EOW brane boundaries:

Amplitude conditioned on                                 :Z = dimH*6h = d

<latexit sha1_base64="6hynfzcb5RHCVIb68miga/7tMrI=">AAACCnicbVDLSgNBEJz1GeNr1aOX0SB4CrsS0EsgGJAcI+SF2RBmZyfJkNkHM71iWPbsxV/x4kERr36BN//GSbIHTSxoKKq66e5yI8EVWNa3sbK6tr6xmdvKb+/s7u2bB4ctFcaSsiYNRSg7LlFM8IA1gYNgnUgy4ruCtd1xdeq375lUPAwaMIlYzyfDgA84JaClvnlyV8aOx33s+ARGlIiklvYdYA+QVG8aKS57fbNgFa0Z8DKxM1JAGep988vxQhr7LAAqiFJd24qglxAJnAqW5p1YsYjQMRmyrqYB8ZnqJbNXUnymFQ8PQqkrADxTf08kxFdq4ru6c3qwWvSm4n9eN4bBVS/hQRQDC+h80SAWGEI8zQV7XDIKYqIJoZLrWzEdEUko6PTyOgR78eVl0roo2qVi6bZUqFxnceTQMTpF58hGl6iCaqiOmoiiR/SMXtGb8WS8GO/Gx7x1xchmjtAfGJ8/MKaZ9Q==</latexit>

D
e
Pk

i,j=1 tij( j , i)
E

Z=d
= det(1� t)�d

<latexit sha1_base64="bt8FRhriTPI0se3R0zKgtDKsC/s="></latexit>

= e�
1X

d=0

pd e
ud

D
e
Pk

i,j=1 tij( j , i)
E

Z=d

<latexit sha1_base64="eCvhlSWjoHKMhEdILQ4r1j3BuMs="></latexit>

D
euZ+

Pk
i,j=1 tij( j , i)

E
= exp


�

eu

det(1� t)

�

<latexit sha1_base64="geCek8DnhZJjOQstUeBCUKUJAfA="></latexit>

Statistics of states        chosen independently at random i

<latexit sha1_base64="mUgwKB4MmmB7pFpB8uOweMuu74A=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6DHoxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOa3dSKnuiVyn7Fn4OskiAnZchR75W+un3NsoQrZJJa2wn8FMMJNSiY5NNiN7M8pWxEB7zjqKIJt+Fkfu2UnDulT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoKILIVh+eZU0LytBtVK9r5ZrN3kcBTiFM7iAAK6gBndQhwYweIRneIU3T3sv3rv3sWhd8/KZE/gD7/MHozmPLQ==</latexit>

from    -dimensional Hilbert spaced

<latexit sha1_base64="nN/YP8q0KJL9cV07yQvv/E7pL60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lspu3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5EPOqLFSMxyUK27VXYCsEy8nFcjRGJS/+mHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVVCMoyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNcMbP+MySQ1Ktlw0TAUxMZl/TUKukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tWqtWavUb/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDyi+M7w==</latexit>

rank ( j , i) = min{Z, k}

<latexit sha1_base64="OxIQqtPu0L2rW88j2RXpVF0MLFU=">AAACHXicbVDLSgMxFM34rPU16tJNsAgVSpmRAd0IRTcuK9gHdsqQSdM2NpMMSUYoQ3/Ejb/ixoUiLtyIf2Nm2oW2Hgg5nHMv994Txowq7Tjf1tLyyuraemGjuLm1vbNr7+03lUgkJg0smJDtECnCKCcNTTUj7VgSFIWMtMLRVea3HohUVPBbPY5JN0IDTvsUI22kwPZ8EROJtJAcRSSViI8mfgWW/VjR4L6Sf/QEXkA/ohz66V1l5E8Cu+RUnRxwkbgzUgIz1AP70+8JnESEa8yQUh3XiXU3RVJTzMik6CeKxAiP0IB0DM1WUd00v24Cj43Sg30hzeMa5urvjhRFSo2j0FRGSA/VvJeJ/3mdRPfPuynlcaIJx9NB/YRBLWAWFexRSbBmY0MQltTsCvEQSYS1CbRoQnDnT14kzdOq61W9G69Uu5zFUQCH4AiUgQvOQA1cgzpoAAwewTN4BW/Wk/VivVsf09Ila9ZzAP7A+voBw6Ohqw==</latexit>



Hilbert space

��e2⇡iZ
↵
= |>>i

<latexit sha1_base64="LCPc5DxBihVoJsL6bzXwn8MF6NU=">AAACHHicbVA9SwNBEN3z2/gVtbRZDIJVuIuKNoJok1LBqJiLYW8zlyzZ2zt258Rw5ofY+FdsLBSxsRD8N27iFZr4YODx3gwz84JECoOu++VMTE5Nz8zOzRcWFpeWV4qraxcmTjWHGo9lrK8CZkAKBTUUKOEq0cCiQMJl0D0Z+Je3oI2I1Tn2EmhErK1EKDhDKzWLO76EEO/hJqv4iaCCXvd9Ldod9DVTbQn0kN77CHeYVav9XGsWS27ZHYKOEy8nJZLjtFn88FsxTyNQyCUzpu65CTYyplFwCf2CnxpIGO+yNtQtVSwC08iGz/XpllVaNIy1LYV0qP6eyFhkTC8KbGfEsGNGvYH4n1dPMTxoZEIlKYLiP4vCVFKM6SAp2hIaOMqeJYxrYW+lvMM042jzLNgQvNGXx8lFpeztlPfOdktHx3kcc2SDbJJt4pF9ckSq5JTUCCcP5Im8kFfn0Xl23pz3n9YJJ59ZJ3/gfH4DREuiHg==</latexit>

Free approximation: Fock space built on i
<latexit sha1_base64="IX26zSJF1vrmN7wLtaFmxfv2Aw4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxU571S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH0cGM9A==</latexit>

j
<latexit sha1_base64="nwpd4dFqhCY87MZY0aWnbHmVodk=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXRjcsK9gFtKJPppB07MwkzE6GE/IIbF4q49Yfc+TdO2iy09cCFwzn3cu89QcyZNq777ZRWVtfWN8qbla3tnd296v5BW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpv7nSeqNIvkg5nG1Bd4JFnICDa59DhIs0G15tbdGdAy8QpSgwLNQfWrP4xIIqg0hGOte54bGz/FyjDCaVbpJ5rGmEzwiPYslVhQ7aezWzN0YpUhCiNlSxo0U39PpFhoPRWB7RTYjPWil4v/eb3EhNd+ymScGCrJfFGYcGQilD+OhkxRYvjUEkwUs7ciMsYKE2PjqdgQvMWXl0n7rO6d1y/vL2qNmyKOMhzBMZyCB1fQgDtoQgsIjOEZXuHNEc6L8+58zFtLTjFzCH/gfP4ATHeOag==</latexit>and

Example of gauge equivalence:

Suggests that                      are arbitraryZ, ( j , i)

<latexit sha1_base64="Z8V8v/iqifa0ccMg5NbJ/pAUaMI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKpSSSEHBTdGNywr2gU0Ik+mkHTuZhJmJUGIX/oobF4q49Tfc+TdO0yy09cDlHs65l7lz/JhRqSzr2ygsLa+srhXXSxubW9s75u5eW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6Grqdx6IkDTit2ocEzdEA04DipHSkmcewLsqdC5gxYkl9e6rWaMnnlm2alYGuEjsnJRBjqZnfjn9CCch4QozJGXPtmLlpkgoihmZlJxEkhjhERqQnqYchUS6aXb/BB5rpQ+DSOjiCmbq740UhVKOQ19PhkgN5bw3Ff/zeokKzt2U8jhRhOPZQ0HCoIrgNAzYp4JgxcaaICyovhXiIRIIKx1ZSYdgz395kbRPa3a9Vr+plxuXeRxFcAiOQAXY4Aw0wDVoghbA4BE8g1fwZjwZL8a78TEbLRj5zj74A+PzB1ijlGk=</latexit>

rank ( j , i) = min{Z, k}

<latexit sha1_base64="OxIQqtPu0L2rW88j2RXpVF0MLFU=">AAACHXicbVDLSgMxFM34rPU16tJNsAgVSpmRAd0IRTcuK9gHdsqQSdM2NpMMSUYoQ3/Ejb/ixoUiLtyIf2Nm2oW2Hgg5nHMv994Txowq7Tjf1tLyyuraemGjuLm1vbNr7+03lUgkJg0smJDtECnCKCcNTTUj7VgSFIWMtMLRVea3HohUVPBbPY5JN0IDTvsUI22kwPZ8EROJtJAcRSSViI8mfgWW/VjR4L6Sf/QEXkA/ohz66V1l5E8Cu+RUnRxwkbgzUgIz1AP70+8JnESEa8yQUh3XiXU3RVJTzMik6CeKxAiP0IB0DM1WUd00v24Cj43Sg30hzeMa5urvjhRFSo2j0FRGSA/VvJeJ/3mdRPfPuynlcaIJx9NB/YRBLWAWFexRSbBmY0MQltTsCvEQSYS1CbRoQnDnT14kzdOq61W9G69Uu5zFUQCH4AiUgQvOQA1cgzpoAAwewTN4BW/Wk/VivVsf09Ila9ZzAP7A+voBw6Ohqw==</latexit>

Exact result: Z 2 N,

<latexit sha1_base64="ktpbCZLQU0vZORrSwhRbfa8GS8Y=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBhZRECrosunElFewDm1Am02k7dDIJMxOlxH6KGxeKuPVL3Pk3TtostPXAwOGce7lnThBzprTjfFuFldW19Y3iZmlre2d3zy7vt1SUSEKbJOKR7ARYUc4EbWqmOe3EkuIw4LQdjK8yv/1ApWKRuNOTmPohHgo2YARrI/XsMrr3mEBeiPUoCNKb6WnPrjhVZwa0TNycVCBHo2d/ef2IJCEVmnCsVNd1Yu2nWGpGOJ2WvETRGJMxHtKuoQKHVPnpLPoUHRuljwaRNE9oNFN/b6Q4VGoSBmYyi6gWvUz8z+smenDhp0zEiaaCzA8NEo50hLIeUJ9JSjSfGIKJZCYrIiMsMdGmrZIpwV388jJpnVXdWrV2W6vUL/M6inAIR3ACLpxDHa6hAU0g8AjP8Apv1pP1Yr1bH/PRgpXvHMAfWJ8/TlKTZQ==</latexit>

|↵i =
���Z, {( j , i)}

E

<latexit sha1_base64="Dvi5Sg43ffa641LBxR8cBtWVelc=">AAACH3icbVDLSgMxFM34rPVVdekmWIQKpcxIUTdCqRuXFewDO6XcSdM2NpMZkoxQpv0TN/6KGxeKiLv+jWk7C209EHI451ySe7yQM6Vte2KtrK6tb2ymttLbO7t7+5mDw5oKIklolQQ8kA0PFOVM0KpmmtNGKCn4Hqd1b3Az9etPVCoWiHs9DGnLh55gXUZAG6mduRi5wMM+uBJEj1N8jd0y640e8m6cc0PF2o/52cXO3PHUSXLtTNYu2DPgZeIkJIsSVNqZb7cTkMinQhMOSjUdO9StGKRmhNNx2o0UDYEMoEebhgrwqWrFs/3G+NQoHdwNpDlC45n6eyIGX6mh75mkD7qvFr2p+J/XjHT3qhUzEUaaCjJ/qBtxrAM8LQt3mKRE86EhQCQzf8WkDxKINpWmTQnO4srLpHZecIqF4l0xWyondaTQMTpBOeSgS1RCt6iCqoigZ/SK3tGH9WK9WZ/W1zy6YiUzR+gPrMkPpm6ivw==</latexit>



Page curve



The Page curve
in  states↵

<latexit sha1_base64="5uI7OHd2r47MUtx08AblU4N6pQU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmAckS+idzCZjZneWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqWWqKGtQKaRqB6iZ4DFrGG4EayeKYRQI1gpGt1O/9cSU5jJ+MOOE+REOYh5yisZKzS6KZIi9csWtujOQZeLlpAI56r3yV7cvaRqx2FCBWnc8NzF+hspwKtik1E01S5COcMA6lsYYMe1ns2sn5MQqfRJKZSs2ZKb+nsgw0nocBbYzQjPUi95U/M/rpCa89jMeJ6lhMZ0vClNBjCTT10mfK0aNGFuCVHF7K6FDVEiNDahkQ/AWX14mzbOqd169vL+o1G7yOIpwBMdwCh5cQQ3uoA4NoPAIz/AKb450Xpx352PeWnDymUP4A+fzB43Fjx8=</latexit>

rank ( j , i)  Z

<latexit sha1_base64="fFNCIOGUNifks7o2sNLRY9w0QRY=">AAACFXicbVDLSgMxFM34rPVVdekmWIQKpcxIQZdFNy4r2Ad2Ssmkt21sJhmTjFCG/oQbf8WNC0XcCu78GzNtF9p6IORwzr3ce08QcaaN6347S8srq2vrmY3s5tb2zm5ub7+uZawo1KjkUjUDooEzATXDDIdmpICEAYdGMLxM/cYDKM2kuDGjCNoh6QvWY5QYK3VyRV9GoIiRSpAQEkXEcOwXccGPNOvcFScfO8E+h3t828nl3ZI7AV4k3ozk0QzVTu7L70oahyAM5UTrludGpp0QZRjlMM76sYaI0CHpQ8vSdAXdTiZXjfGxVbq4J5V9wuCJ+rsjIaHWozCwlSExAz3vpeJ/Xis2vfN2wkQUGxB0OqgXc2wkTiPCXaaAGj6yhFDF7K6YDogi1NggszYEb/7kRVI/LXnlUvm6nK9czOLIoEN0hArIQ2eogq5QFdUQRY/oGb2iN+fJeXHenY9p6ZIz6zlAf+B8/gAMWJ61</latexit>

Toy model:

Number of independent states is bounded by thermal entropy

=)
<latexit sha1_base64="3C5c3v3VVAExs+bN+aP/gLDqBI4=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5id9CZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUUWzQmMeqHRKNnElsGGY4thOFRIQcW+Hoduq3nlBpFssHM04wEGQgWcQoMVZqd5mwW1D3yhWv6s3gLhM/JxXIUe+Vv7r9mKYCpaGcaN3xvcQEGVGGUY6TUjfVmBA6IgPsWCqJQB1ks3sn7olV+m4UK1vSuDP190RGhNZjEdpOQcxQL3pT8T+vk5roOsiYTFKDks4XRSl3TexOn3f7TCE1fGwJoYrZW106JIpQYyMq2RD8xZeXSfOs6p9XL+8vKrWbPI4iHMExnIIPV1CDO6hDAyhweIZXeHMenRfn3fmYtxacfOYQ/sD5/AFEb5Ag</latexit>

external `radiation’ follows Page curve



The Page curve

Follows in general from reflection positivity:

S(⇢R)  S↵(E)
<latexit sha1_base64="wZr0027XNxImBS6KYS12pM0OYqM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBah3ZTEB7osiuCyWvuAJoTJdNIOnWTizEQooeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HjxmVyrK+jdzC4tLySn61sLa+sbllbu80JU8EJg3MGRdtH0nCaEQaiipG2rEgKPQZafmDy7HfeiBCUh7dqWFM3BD1IhpQjJSWPHOvXnJEn3u3Zegwcg/rnoNY3Eelq7JnFq2KNQGcJ3ZGiiBDzTO/nC7HSUgihRmSsmNbsXJTJBTFjIwKTiJJjPAA9UhH0wiFRLrp5IcRPNRKFwZc6IoUnKi/J1IUSjkMfd0ZItWXs95Y/M/rJCo4d1MaxYkiEZ4uChIGFYfjQGCXCoIVG2qCsKD6Voj7SCCsdGwFHYI9+/I8aR5V7OPK6c1JsXqRxZEH++AAlIANzkAVXIMaaAAMHsEzeAVvxpPxYrwbH9PWnJHN7II/MD5/AJo4ljg=</latexit>

Trace out single-sided state
with average energy E

Entropy computed from
 Legendre transform of          .Z↵(�)

<latexit sha1_base64="3f5Q9ywTmIKYuqFmjNNhlqqfDIA=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZTEB7osunFZwT6wCeFmOm2HTiZhZiLU0C9x40IRt36KO//GaZuFth64cDjnXu69J0w4U9pxvq3Cyura+kZxs7S1vbNbtvf2WypOJaFNEvNYdkJQlDNBm5ppTjuJpBCFnLbD0c3Ubz9SqVgs7vU4oX4EA8H6jIA2UmCXHwIPeDKEqhdSDSeBXXFqzgx4mbg5qaAcjcD+8noxSSMqNOGgVNd1Eu1nIDUjnE5KXqpoAmQEA9o1VEBElZ/NDp/gY6P0cD+WpoTGM/X3RAaRUuMoNJ0R6KFa9Kbif1431f0rP2MiSTUVZL6on3KsYzxNAfeYpETzsSFAJDO3YjIECUSbrEomBHfx5WXSOq25Z7WLu/NK/TqPo4gO0RGqIhddojq6RQ3URASl6Bm9ojfryXqx3q2PeWvBymcO0B9Ynz8CupKs</latexit>

in  states↵
<latexit sha1_base64="5uI7OHd2r47MUtx08AblU4N6pQU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmAckS+idzCZjZneWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqWWqKGtQKaRqB6iZ4DFrGG4EayeKYRQI1gpGt1O/9cSU5jJ+MOOE+REOYh5yisZKzS6KZIi9csWtujOQZeLlpAI56r3yV7cvaRqx2FCBWnc8NzF+hspwKtik1E01S5COcMA6lsYYMe1ns2sn5MQqfRJKZSs2ZKb+nsgw0nocBbYzQjPUi95U/M/rpCa89jMeJ6lhMZ0vClNBjCTT10mfK0aNGFuCVHF7K6FDVEiNDahkQ/AWX14mzbOqd169vL+o1G7yOIpwBMdwCh5cQQ3uoA4NoPAIz/AKb450Xpx352PeWnDymUP4A+fzB43Fjx8=</latexit>

=)
<latexit sha1_base64="3C5c3v3VVAExs+bN+aP/gLDqBI4=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5id9CZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUUWzQmMeqHRKNnElsGGY4thOFRIQcW+Hoduq3nlBpFssHM04wEGQgWcQoMVZqd5mwW1D3yhWv6s3gLhM/JxXIUe+Vv7r9mKYCpaGcaN3xvcQEGVGGUY6TUjfVmBA6IgPsWCqJQB1ks3sn7olV+m4UK1vSuDP190RGhNZjEdpOQcxQL3pT8T+vk5roOsiYTFKDks4XRSl3TexOn3f7TCE1fGwJoYrZW106JIpQYyMq2RD8xZeXSfOs6p9XL+8vKrWbPI4iHMExnIIPV1CDO6hDAyhweIZXeHMenRfn3fmYtxacfOYQ/sD5/AFEb5Ag</latexit>

rank ( j , i)  Z

<latexit sha1_base64="fFNCIOGUNifks7o2sNLRY9w0QRY=">AAACFXicbVDLSgMxFM34rPVVdekmWIQKpcxIQZdFNy4r2Ad2Ssmkt21sJhmTjFCG/oQbf8WNC0XcCu78GzNtF9p6IORwzr3ce08QcaaN6347S8srq2vrmY3s5tb2zm5ub7+uZawo1KjkUjUDooEzATXDDIdmpICEAYdGMLxM/cYDKM2kuDGjCNoh6QvWY5QYK3VyRV9GoIiRSpAQEkXEcOwXccGPNOvcFScfO8E+h3t828nl3ZI7AV4k3ozk0QzVTu7L70oahyAM5UTrludGpp0QZRjlMM76sYaI0CHpQ8vSdAXdTiZXjfGxVbq4J5V9wuCJ+rsjIaHWozCwlSExAz3vpeJ/Xis2vfN2wkQUGxB0OqgXc2wkTiPCXaaAGj6yhFDF7K6YDogi1NggszYEb/7kRVI/LXnlUvm6nK9czOLIoEN0hArIQ2eogq5QFdUQRY/oGb2iN+fJeXHenY9p6ZIz6zlAf+B8/gAMWJ61</latexit>

Toy model:

Number of independent states is bounded by thermal entropy
external `radiation’ follows Page curve
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<latexit sha1_base64="WLrZfd/9pFXIXSTU11LfQ02ySb8="></latexit>



• Hawking computes average state of radiation        in HH state

• Mixed: entangled with state of closed universes

• RT computes 

• Decohere onto branches with definite .

• Repeated experiments: many copies of the same pure state

↵
<latexit sha1_base64="5uI7OHd2r47MUtx08AblU4N6pQU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmAckS+idzCZjZneWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqWWqKGtQKaRqB6iZ4DFrGG4EayeKYRQI1gpGt1O/9cSU5jJ+MOOE+REOYh5yisZKzS6KZIi9csWtujOQZeLlpAI56r3yV7cvaRqx2FCBWnc8NzF+hspwKtik1E01S5COcMA6lsYYMe1ns2sn5MQqfRJKZSs2ZKb+nsgw0nocBbYzQjPUi95U/M/rpCa89jMeJ6lhMZ0vClNBjCTT10mfK0aNGFuCVHF7K6FDVEiNDahkQ/AWX14mzbOqd169vL+o1G7yOIpwBMdwCh5cQQ3uoA4NoPAIz/AKb450Xpx352PeWnDymUP4A+fzB43Fjx8=</latexit>

Information loss?

[Polchinski Strominger ’94]

⇢R
<latexit sha1_base64="rJWAhfkUVzAm40Gi6ht1h0Z8QEU=">AAAB+nicbVC7TsMwFL0pr1JeKYwsERUSU5XwEIwVLIwF0YfURJHjuq1Vx45sB1SFfgoLAwix8iVs/A1OmwEKR7J0dM49utcnShhV2nW/rNLS8srqWnm9srG5tb1jV3fbSqQSkxYWTMhuhBRhlJOWppqRbiIJiiNGOtH4Kvc790QqKvidniQkiNGQ0wHFSBsptKu+MHaeznw5EuHtNLRrbt2dwflLvILUoEAztD/9vsBpTLjGDCnV89xEBxmSmmJGphU/VSRBeIyGpGcoRzFRQTY7feocGqXvDIQ0j2tnpv5MZChWahJHZjJGeqQWvVz8z+ulenARZJQnqSYczxcNUuZo4eQ9OH0qCdZsYgjCkppbHTxCEmFt2qqYErzFL/8l7eO6d1I/uzmtNS6LOsqwDwdwBB6cQwOuoQktwPAAT/ACr9aj9Wy9We/z0ZJVZPbgF6yPb+RplGo=</latexit>

S(⇢R) 6= S(⇢R)
<latexit sha1_base64="Kj27pIwjd0y0j/fz19dby1rN3r0=">AAACF3icbVBLSwMxGMzWV62vVY9egkVoL8uuD/RY9OKxPvqAbinZNNuGZpM1yQpl6b/w4l/x4kERr3rz35i2i2jrQGAy8w3JN0HMqNKu+2XlFhaXllfyq4W19Y3NLXt7p65EIjGpYcGEbAZIEUY5qWmqGWnGkqAoYKQRDC7GfuOeSEUFv9XDmLQj1OM0pBhpI3VsxxfGHqfTm5Iv+6JzXR5Bn5M7aO4/3tQZlTt20XXcCeA88TJSBBmqHfvT7wqcRIRrzJBSLc+NdTtFUlPMyKjgJ4rECA9Qj7QM5Sgiqp1O9hrBA6N0YSikOVzDifo7kaJIqWEUmMkI6b6a9cbif14r0eFZO6U8TjThePpQmDCoBRyXBLtUEqzZ0BCEJTV/hbiPJMLaVFkwJXizK8+T+qHjHTknV8fFynlWRx7sgX1QAh44BRVwCaqgBjB4AE/gBbxaj9az9Wa9T0dzVpbZBX9gfXwD5difwg==</latexit>



Questions to ponder

• Can we describe real-time dynamics for pure Hawking radiation?

• How does this work for N=4, etc?

• Cosmology? dS?

• Is reflection positivity enough to guarantee unitary duals?


